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FOREWORD

The Subcommittee on Radlochemlstry 1ls one of a number of
subcommlttees worklng under the Committee on Nuclear Science
wlthin the Natlonal Academy of Sclences - Natlonal Research
Council. Its members represent government, industrial, and
unlversity laboratorles 1n the areas of nuclear chemistry and-
analytical chemistry, .

The Subcommlttee has concerned ltself with those areas of
nuclear sclence whlch involve the chemist, such as the collec-
tion and dilstribution of radlochemlcal procedures, the estab-
llshment of specifications for radlochemically pure reagents,
avallabllity of cyelotron time for service lrradlations, the
place of radlochemlstry in the undergraduate college progran,
ete.

Thls serles of monographs hasg grown out of the need for
up-to-date compilatlons of radiochemical informatlion and pro-
cedures. The - Subcommlttee has endeavored to present a series
which wlll be of maxlimum use to the working sclentlist and
which contalns the latest avallable informatlon. Each mono-
graph collects 1n one volume the pertinent informatlion required
for radiochemical work wlth an lndivlidual element or a group of
closely related elements.

An expert 1n the radiochemistry of the particular element

" has wrlitten the monogreph, following a standard format developed
.by the Subcommittee. The Atomlc Energy Commlssion has sponsored
- the printing of the serles.

The Subcommlittee 18 confident these publicatlions wlll be
useful not only to the radlochemlst but alsc to the research
worker in other flelds such as physics, blochemlstry or medicine
who wilshes to use radiochemical technlques to solve a speclfilc
problem.

W. Wayne Meinke, Chalrman
Subcommittee on Radlochemlstry
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INTRODUCTION

This volume which deals with the radlochemistry of cobalt
1s one of a series of monographs on radlochemlstry of the elements.
There is 1lncluded a review of the nuclear and chemical features of
particular 1nterest to the radlochemist, a dlscussion .of problems
of dilssolutilon of a sample and counting techniques, and finally, a
collectlon of radlochemlcal procedures for the element as found 1n
the literature. )

The series of monographs willl cover all elements for which
radlochemlical procedures are pertinent. Plans include revision
of the monograph pérlodically as new techniques and procedures
warrant. The redder .18 therefore enc¢ouraged to call to the-
attention of the author any published or unpublished material on
the radlochemlstry of cobalt which might be 1ncluded 1n a revised
verslion of the monograph.
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II.

The radiosctive nuclides of caobalt which are of interest to the radio-

chemist are given in Table I.

tion appea.ring in reports 'by Strominger, et a.l.( ) and by Hughes and Schwartz.

THE RADTIOACTIVE NUCLIDES OF COBALT

Remy H., Treatisé on Ana.ly'tical Chemistry, Vol. II, p. 290- 306

Kleinberg, J., Argersinger, W. J., Jr., and Griswold., E., Inorganic

Thie table has been complled from informa-

Table I '.Ehe Ra.d:l.oa.ctive Nuclides of Cobalt
Radio- 'Mode of Energy of Radiation, . :
nuclide Half-Iife Decay Mev . Produced By
Co5h' 0.18 sec B+ >T.4 Fe-p-n
0’  18.2ms g5, B B L5 Fe-d-n, Ni-y-p2n
y: 0.477,0.935,1.41 Fe-p-y
o ® 72 day Bc, gt y: 0.845,1.26,1.74 Fe-d-2n, Fe-g~np
2.01,2.55,3.25 Co-p-p3n, Ni-d-a
: Ni-y-pn
00?7 270 day gt p': 0.26 Fe-d-n, Fe-p-y
¥: 0.119,0.131
X gohrs IT y: 0.025 Mo-a-n, Co-d-p2n
Co-n-2n, Ki-g-p
- Ni-d-2p, Fe’*-p-n
00-7-_11 ’
o 72 day Ec, g7 g': 0.4 Mo-g-n, Fe-d-n
~y: 0.8 Fese-p-n, Fe-p-n,
1.62. Fe-ornp, Fe-p-7,
0.51 (with BY) Cu-p-pn, Ki-n-p
0060‘“ 10.1 min  IT, B~ g™: 1.56 Co-n-y, Co-d-p
7: 0.059 ‘Ni-n-p
- 60 - - .
Co 5.3y ! f:0.306 Co-d-p, Co-n-y
y: 1.33,1.17 Ri-d-¢, Cu-n-¢
oot 99 min - Iy g : 1.42,1.00 Co-0r-2p, Cgpt-P
' - Fi-y-p, F1bk-p-a
"§16l-n-p, Wi-d-on
) Cu-y-2p, Cu-7-C
cob2 13.9 min B g-7: 1.3 §i62.n-p
cos‘2 1.6 min B 4 N152-n-p, §i6*-a-a
co* ~5 min Niblon-p

(2)



_The decay schemes(l) for the principal radionuclides of cobelt are

shown in Flgure 1.

Figure 1. Decay Schemes of the Ccobalt Radionuclides
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III. TEE CHEMISTRY OF COBALT AND ITS APPLICATION TO THE RADIOCHEMISTRY
OF THE COBALT RADIONUCLIDES

Radiochemistry is probably best described as being an analysis tech-
nique used primarily either (1) to assist in obtalning a pure radionuclide
in some form so thaet an absolute measurement of 1ts radioactiﬁity, radia-
tion energles, and half-1ife cean be made, or (2) ta determine the amount
of radiaactivity of a particular radloelement in a radionuclide mixi:ure,

r (3) to complete a radioactivetion analysis being used to determina the
concentration of a specific_: gtable element 1n a particular sample materiel.
In order to be an ald in accomplishing eny one of the above interests,
radiochemistry usually conslders the isolation of the desired radionuclide

by elther carrier or carrier-free separstion methods.

Generally, cerrier methods are used most frequently in radiochemistry.
They involve the addition of a small amount of inactive stable element to
a solution of the irradiated material to serve as a carrier of the radio-
nucllde 6f that element through the separation method., In carfier—free
separations, i.e., those radiochemical techniques used moatly.for ebsolute
redioactivity meaanrementa, 1t is required that the radloelement be isolated
in a manner capable of glving either no amount or & minimal emount of
stable element in the final form to be uaed in the radiocactivity measure-
ments. |

In most instancea, analytical radiochemistry is dependent upon more
conventional ideaa in analytical chemistry involving separationa by such
methods as precipitation, solvent extraction, chromatography, volatiliza-~
tion, and/or electroanalysls and the subsequent presentation”of the iso-
leted radioeiement in a form sultable for a measurement of_the radioelement's
radioacti?ity. One majJor difference exiata between EEEI}Ei radiochemistry
and mora.conrentional techniques in that it is not alwaya_necessary to
recover completely the added amount of éa;rier element, since a radiof
chemical analysis is designed to assure that the atama of a radioactive
element achleve an lsotoplc state with the atama of the inactive elemant
and any loss of the radioactive specles 1s proportiomal to the “loss of

carrier during the separation process.



Colorimétric, polaroéraphic'and similar analysis techniques are seldom
used in radiochemistry, because they do not separate the desired radio-
nuclide from contaminents (either radloactive or steble) in the mixture
being analyzed. However, same of the .developments used in these analysls

techniques may be useful: in radiochemistry.

Thus, the information thaf followe generally describes the behavior
of cobalt end its compounds and how this behavlior can be used in devihing
radiochemical analyses for the cobalt radionuclides. Mbre detailed
information can be obtained either from . the references given in this

section or from the references given in Section I of this monograph.

A. The General Chemistry of Cobalt

The chémical properties of cobalt are intermediate to those of iron
and nickel. It forms compounds that chiefly exhibit a valence of +2 or

+3. It also shows a valence of +1 1n a few complex nitrosyls =and carbonyls

and a valence of +4 in some fluoride complexes.

In the simple cobalt compounds, the divalent forms are more stable.
Cobaltous 1lon, Co+2, 1s basic and is_not easlly hydrolyzed irn an agueous
solution. A fey.aiméle cobaeltic, Co+3, salts, such as 002(Soh)h'18H20
and CoF3, are known. Most simp;e Co+3 compounds.ﬁre unstable because
Co+3 is a strong oxldizing agent and i1t camnot exist in agqueous media.
The trivalent state of cobalt forms many complex ions, most.of which are
stable In aqueous medié. In particular, such coordination complexes of
Co+3 as the cobaltinitrates, the cobalticyanides, and the cobaltummines
are most stable. On the other hand, cobaltous ions, Cd+2, in the com-

plexed state are very unsteble and can be readily oxildized to the Co+3

form by ordinary oxidants.

In 1ts electrochemical properties,(3) cobalt is more actlve than nickel
and is more noble than cedmium. Although this relationship exists in many
irreversible systems, the relative degree of amctivity or ﬂobility will

vary. Iatimer(u) reports that the reversible potentials for certain of



the cobaltous-cobalt end cobaltic-cobaltous couples are sa follows:
+ ' '

ot 4 2e” =00 ' - 02T v
Co(OH),= 2 e = Co + 2 OH ' E° = 20.73 v
Co(NH3)6 +2e =Co+ 6 NH, (ag.) _E° = 40.02 v
CoCO4 + 2 ™ = Co €Oy E° = -0.64 v
Cottt 4 e7 = cott "E° = 41842 v
Co(oﬁ)3 + e = Co(CH), + OH _ E° = +0.17 v
CO(NEB)6f++ + e = Co(NH3)6++ _ ° = +0.10 v
Co(CR) ™~ + e = CO(én)674 . 22 =-0.83v

The irreversib1e potentiels of cobalt in various solutions have
recently been measured by Akimov and Clark.(S) The cathodic deposition
potentials of cobalt . .from various HESOM acld concentrations have been _
msasured by Glasstone'®) and 1n H,50, and in NeOH by Newberry.(!) Verdieck,
et al.,(a)-have determined the deposition potentials of cobalt from chlo-
ride and bromide solutions.. Schwabe'?) and E1 Welkad and 1 clcling 10

.report on the anodic behavior of cobalt.

1. Metalllc Cobalt

-Cobalt 1B more frequently obtaiﬁed as a crude metal fram the smelting .
of such ores as smaltite, CoAaE,-linnaeite,.cdssh;-and cobaltite,_CoAss;
vhich usually occur together-either.vith nickel and silver ores of similar
composition or with minerals cohtaining 1foh, nickel and copper. Following
e series of roastlng processes 1n'which a series of selected fluxes are
used to remove thé,silver-ahd other metallic'araenidea, another roasting
operation using sodium chloride converts cobalt, nickel; copper and the
remaiﬁiﬁg silver to thelr respective chlorides. The mixture is extracted
with water to separate the soluble chlorideﬁ. The metallilc copper is- -
removed from the aqueous solution by reduction and the hydroxides of cobalt
and nickel are then precipitated;' The nickel is removed from the_mi;ture
by forming the vqlatile carbonyl, Ni(CO)3,in a-separatp;y process involvf_
ing e redﬁction_of the nicgel and rgaCting it with cerbon monoxide. The
resulting cobaltous oxide; Co0, may be reduced to the metal with_carbon_

or with aluminum.(ll)



Metallic cobalt is silvery white with a faint tinge of pink It has
‘2 density of 8.9 and 1t melts at 1480°C and has = boiling poiat of 2900°C.
The atomic weight of cobalt is 58.9k.

Finely divided cobalt is pyrophoric. Cobalt in a more massive form
1s not attmcked by alr or weter at tempera.turea below 300 C; above 300 C
it 1s rea.dily oxidized in air. It combines with the h.alogena to form
.ha.lidea 5 but it does not combine direct]y with nitrogen; yet it will form
nitridJes b}r decomposing a.mmonie at elevated temperatures. - At _temperetu.r_es-
e'bove 225 C, 1t will react with carbon monoxide to form the carbide, 'CoéC.
It will combine with most of the other metalloids when heated or when it
1s in the molten state. It will form intermetallic compounds with other -
metals, such as e.l\.iminum}, chromium, molybdenum, -ﬁin,' vanadium, 'tlmgs'een,.
zine, nickel, and. iron. . _

Dilute su]fu.ric s hydrochloric and nitric acids easily dissolve cobalt
m_eta.l, but 1t is passivated by euch strong oxidizing agents as the dichro-

mates. Ammonium hydroxide and sodium hydroxide attack it very slowly.

2. The Simple Cobelt Compounds

Cobalt reacts less reedily than iron with dilute acids. TIts salts
are either pink or blue in color., The pink color wlll change to blue either
on heating, or on dehydration, or in the presence of concentrated acids.'
The most probeble explenation for this color cl:ange is thet divalent cobalt
is pink as a catlon, but blue as an anion.(lz)
Cobalt compounds exhibit varied degrees of solubility in water and
in other solubilizing agents. Teble IT lis-ts the more common cobalt cotro-

pounds and reports on their solubility In water and other egents.(la)

3. The Complex Con@unds of Cobalt

As reported in Gmelins' Hendbook, [ (14). Co"'3 forms one of the largest
groups of complex compou.nda-]mown. 'The most numerous of these comlexea
are those of ammonia and the amines indicating that the most importent

donor atom is nltrogen. Carbon, oxygen, sulfur and the hslogens are also



of.

Table II. ub
Compound Formulae
Metal Co )
~Acetate (aug) Co(C2H30z) 2 4H=0
Acetate (ic) Co(C2Hs0z2)a

Benzoate (ous)
Bromate (ous)

Bromide (ous)

Cerbonate (ous)
Chlorate (ous)

Perchlorate (ous)

Chloride (ous) -

Chromate (ous)
Cyanide (ous)

Ferricyanide (ous)

Ferrocyanide (ous)

CO( C7H502) 2° ,-#Hzo
CO(BI’Oa) 2 '6H20

CoBrs- 6H20

CoCog
Co(C10g) 2 *6H20

Co(C104) 2 *6H0

CoCl, *6H0

CoC:O¢
Co(CN) 5 *2H50

Cos[Fe(CN)slé _

CogFe{CN)g*TH20

b unds

bilit Wate
very Iinsoluble

very soluble

hydrolizes readily

very soluble
soluble

soluble

insoluble

very soluble

soluble

very soluble

insoluble
insoluble

insoluble

insoluble

Solubility in

__ Other Reagents

solﬁble in scids

soluble in acids,
alcohol

soluble in glaclisal

acetic acid

soluble 1n NH,OH

soluble in acids,
ether, alcohol

soluble in acidé
soluble in elcohol

soluble in alecohol,

acetone
soluble in alcchol

soluble in acids,
NH4OH

soluble in KCN, HC1,
NH4OH

‘soluble in NH,OH

soluble in KCN



Tluoride (ous)
Fluoride (ic)

Hydroxide (ous)

Hydre)d.de (1c)

Iodide (ous)
Nit'.ra.‘t.e:. (qxs)

Oxalate (ous)

Oxide (ous)

Oxide (ous, ic)
oxae (1)
Or‘l'hOPhOBphﬂ.‘be (ous)
' Phosphide

Sulfate (ous).

Sulfate (ic)
Sulfide, mono-

Sulfide, -di-

COFE * ZEEO
CozFe~TH20
CO( OH) 2

Cu(I03)2
COIZ

Co(ms)z . GHEO

CoC204
Co0
Coals
Coz20g

Cos(POg)2

CogP
Cop(50,) 3+ 18E0
CoS

COSZ

soluble
insoluble

elightly soluble

slightly. soluble

slightly soluble

" very soluble

very soluble

insoiuble -
insoluble
insoluble
insoluble

1nsoluhie

insoluble

soluble

. soluble .

slightly soluble

insoluble

(Table contimied on following page.)

soluble in HF

soluble in acids,
_ammonium galts -

soluble in acids

soluble in HC1l, HNOg

“soluble in elcchol »

acetone

soluble in alecchol,
acetone:

soluble in acids, NHOH
soluble in a.c:l_.di
soluble, in HpS50, only
soluble. in acids

soluble in HaPO,,
NH, CH
soluble in HNOg

soluble in HoS50,

soluble in acids,
.aleahol

soluble in HNOg, aqua
regla -



Table II (Contimued)

o1

solubiuty in
Cogpound Formule _ " Bolubility ip Water _QEEBB_HEEB_
Bulfide, sesqui~ (ic) CozBs insoluble decomposes in acids
. Tertrate (oug) CoCeHeOn slightly soluble soluble in dilute
aclds
Thiocyanate (ous) Co(SCH) 2+ 3H20 soluble
Tungstate (ous) CoWO, insoluble - soluble in hot conc.
aclds
ﬁmon:l.tm cobalt . . L.
- orthophosphate _(ous) NH,CoPO4 +Ep0Q insoluble soluble acids

Armonium cobalt

sulfate (ous) (NH,) 280, :CoB80, 6020  soluble soluble acids, alcohol

Potassium cobalt carbonate '
scid (ocus) KHCog*COCOg - 4850 decomposes

Potassium cobaltinitrite KaCo(NO2) e slightly soluble soluble mineral acids
Potassium cobalt '

malonate (ous) Ka2Co(CaHa04) 2
fbta.saium cobalt )

sulfate (ous) Ka80, -Co80, «6H0 soluble
Potassium cyanocobaliate(III) KgCo(CK)e . soluble insoluble alumimim
Potassium cyanocobaltate(II)  K,Co(CN)e . . soluble insoluble alumimm

. . ] and ether

Potassium sodium

nitrocobaltate(III) KzNaCo(N0z) g *Ez0 0.07 insoluble aluminum
Sodium nitrocobaltete(III) NagCo(NOg) e - slightly soluble soluble dilute acid,

a.lc«_ahoi



important donor atoms. The coordination mmber of Co’3 is six,and most
of the trivalent cobalt .complexes ere stable: In contrast, Co"'.2 has a
coordinatlion mmiber of either 4 or 6,and the Clo"'2 complexes are relatively
u.n.ata.bla towvards axidation. The ammine t_’:omple.xea can be easily oxidized
. in air, and the cb'baltoﬂdes are oxidized rapldly in air or in. water.
Many aquo-halo complexes are known and exist in varied shades of
red and blue. The aquo complex, [00(320)6]"'2 1g pink, but vhen a halide
1s introduced into the system, a blue-colored complex anion, (cox, )2
produced. .Usually, the blue color is more intenmse and it can .ecmpletely
mask the color of a larger conc-entntion of the pink complex. This phenom-
enon apparently results from the fact that cobaltous halides are normally
pink in dilute a.q_uaous solutions, but when heated or in concentrated solu-
t1on w11l urn blue. Table TIT 1ists some of the cobalt complexes(t3)

showing'their solubility in water and various solvents.

k. The Organomstallic (bmmunds of Cobalt

Cobalt, like iron a.nd. pickel, does not appear to produce true orga.no
metallic ‘compounds in that such reactions proceed largely with hydrocarbon
evolution, metel deposition, ahnormal coupling end other umsusl reac-
t1oms. (35) Knarssch and Fie1as(16) 1n their investigation on the efrects
of metallic halides omn Aryl-Gr:I.gna.rd Reagents and o_rga.nig halides explain
that these effects require transitory lntermediste organoccbalt cmou.nd.s
of the type RCoX. Briggs and Poiya(27) have reacted g- and p-naphthyl-
magnesium halides with cobaltous halides to produce complex condensates
.o:E the type, _ClOH..{Cox_a. R(Jcﬂ[3 compounds have also been prepared by methyl-,
ethyl-, n-propyl-, and i-propylmagnesium lodide and phenylmagnesium brom;_ld.e
reactions upon cobaltous ha.lides.(la) Biscyclopentadienylcobalt and
'bisind.enylcqba.lt compounds have also ‘been prgpa.red.(lg) Thege campounds
are readily ocxidized to monovalent catlons and their palts are usually

colored, -water-soluble compounds.

* B. The Apalytical Chemistry of Cobailt

.As polnted out slsewhere in this monograph, the use of a known amount

6‘1‘ inactive cobalt carrier ln a separation method elmcst alweys mekes it

11
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;_Gmkmlm_ﬂ___

Diemminecobalt(II) chloride

Hexemminecobalt(IT)
chloride

Aquopentemminecobalt(IIT)
chloride (roseo)

Chlorcopentammine-
cobalt(ITI) chloride
(purpureo)

Hexamminecobalt(III)
chloride (luteo)

‘Hexamminecobelt(III)

perrhenate

Solubllity

[Co(}Es) ¢](ReO, ) o280

Form]a In Fe0 . _In Other folvepts
CoCla-2NHg soluble '_ '
[co(MEa)alCLa eoluble ‘soluble NH,QH
[Co(NHg) sH201C1g soluble . slightly soluble HC

' [ColNEa)sCLICLe 8lightly soluble cone, HaS0,
Co(NHg) ¢Cls . soluble

very slightly soluble

*Co'ba.lt alao forms polymuclear complexes. .In these campounds 2, 3 or 4 cobalt atoms are linked

by CH, O> or NHa.



possible to obtain the cobelt carriér in a weighablé form in the final

stage of the aeparation procedure used. Two things are achieved if this

1s done. The radionmuclide is concentfated into a small mass for the radio-

activity measurements, and the carrier is obtained as a welghable compound

which can be u.sed.. to determine any loss of the "carrier" during the analysis.
The cholice of acceptable gravimetrlc forms for a cobalt determination

20)

18 extensive and somewhat controversial. Duval( " in his thermogravimetric

investigations atates that there are at least 30 gravimetric methods avail-
able for the determination of cobalt. In his evaluation of these methods,

he indicates that the most suitable compounds for determining cobalt

0; (21,22)

are - cobalt emmonlum phosphate, CoNE[hPOLL-Hz potassium cobalti-

nitrate, El(_a'Co(Noe)6 -3H20;(23) silver hexacyanocobaltete, Ag3Co('CN)6 ;(21")

cobelt tetrathiocyenstomercurate, CoHg(CNS), ;(2529) opait enthranilete,

c°(ma'csﬂ_u'°°2)2"(30'31) cobalt 5-bromoanthranilate, Co(NHa-'CGE3Br-002)2;(32)

(31) cobalt-g~nitroso-p-naphthy-

p)ps
cobalt oxine, Co(CgHGON)z;(ah’SB) cobalt oxide,

(36)

cobalt 3-amino-2-napthoate, C"(cloHsNHaco
lamine, Co(ClOH.TONe)B; (33)
C0203, obtalned by the ignitiom of the phenylthiohydentolc acid complex;
or cobaltic oxide, Coaoh_, obtained by the lgnition of yellow mercury oxide

complex.(37) Anand and Dechmukhﬁe) report that cobalt tellurite, CoTe03,

is also & good gravimetric form for d.etemining cc_>ba.l1:. Williams(39) records
that the precipitation of cobalt as the metal by the reductiop of Coaou
with hydrogen 1s a recommended gravimetric form. However, certain limita-
tions exist in that the reduced metal 1s very py-ropﬁoric end sometimes
contains appreciable quantiti.es of unreduced oxide. .
Very often when one of these gravimetric forms 1s employed, it is
preceded by one of several other methods of chemical separatlon such as
- solvent extraction, ion exchange, precipitation, or electr§l;yais. The
information that follows generally reports on current ideas ua'ed in iso-
1at1ng. and determiﬁing cobalt. A combination of several isolatlon methods
may be used. However, it sﬁould not be inferred that it is always neces-
pary to radiochemically separate the desired cobalt isotope in a precipi-
table foﬁ for tht_a radioactivity measurements. So_meti:hes 'it would be

sufficient to accept and use, for example, sn aliquot of the eluate from
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an ion-exchaﬁge separation coiumn or one of the pheses obtelned in solvent .
extraction, or e portion of a paper chrometogrem in thelradioactivity
measurements. .

Wiiliams(39) also provides an excellent summary of the advances made
in the'analytical chemistry of cobalt. The authors of this monograph feel
that much of this informetion is pertinent to the separation techniques
that follow ahd they h;ve attempted to emphasize much of the information

glven in this particular review.-

1. Separations by Precipitation

The séparation of cobalt from.other elements can be effected wlth
hydrogen sulfide, ammonium sulfide, basic acetate, Euccipate, barium car-
bonate, zine oxlde, potassium hydroxide and bromine, ether-hydrochloric
acid, and cupferron.(ho) CoS cen bE coprecipitated with Sn52 and cérried
&own-when low=-sclubllity sulfides are precipitated in dilute br concentra-
ted.mineral acids.(uo) Speclal Eare mst also Be taken to prevent its
éopreéipitation witﬁ zine sulfide; however, the'adﬂitioﬁ of e small amounf
of acrolein and gelatin to the solution ﬁeforé 1ts treatment with hydrogen
sulflde will reduce the coprecipitation_effects.(ul)

Britton(h2) has shoﬁﬁ.that if_there-is a suffliclent difference between
the values of pH at which two metal hydioxides' are précipitated wilth emmonium

. hydroxide, the metals may.ofteﬁ be Separ#ted by maiﬁtaining tﬁé pH of the

solution.at éuch‘a value so that:the weqker one willl be precipitatéd firﬂt.
Buffer solﬁtions, usually weak aclds or cme of tﬁeir sﬁlts, and heating
are used to effect the hydrolyﬁis. Sﬁch metals aélchromium, zinc,.uranium,
aluminum, tin, iron (as.Fe+3), zirconiﬁm and titanium precipitate at.iowe:
DH ;alueé ‘than cobalt, whiéh precipitates af a pH.of 6.8. Magnesium, silver,
menganese, mercury, and some of the rare earths ﬁrecipitate.at pH valués
greater than 7.0. |

Cobalt cannot easii& be separated from such elements as iron, aluminum,-
copper and nickel by ammonium.hydioxide. Lundeil and Knowles(u3) rgport
that evén though small amounts of gobalt are involved and dﬁuble precipi-

tations made, the ambunt of cobalt retained by the hydroxide precipitate
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.of iron and aluminum is epprecisble. Iron may be éffectively removed
from cobalt (and nicke_l)-as ferric phosphaté if the precipitation is made
(k) |

from an ecetic amcid solution. Titanium, zirconium asnd hefnium can be

separated from cobalt es phosphates by treating en acetic acid solution
of the ioms (pH 3.5) with ammonium phosphate.(hu’MS) Cobalt can be separated
from iron, aluminum, titanium, and zirconium by precipitating them with an .

(

aqueous suspension of zinc oxide. 46) 'Chrom:Lum, 'vanadim, and tungsten

can als.o.be removed by a zinc oxilde precipit.atiox; after the solution has ;
been oxidized with niltric acid.(h'?) Chromium and such elements as aluminum,
arsenic , molybdenum, tungsten end va:_La.dium can be separated from cobalt
by precipitations with sodium Il)'eroxide in the presence of bromine or some
_othez" oxidlzing a'.gent.(he) Chromium can a.léo be separated from cobalt by
precipliteting CoS in the i)resen'ce of ammonium ‘ba.rtrate.(hg) -Iron, nickel
and zinc sulfide also precipitate. Cobalt does not form a cupferrate and
can be separated from such elements es lron, titanium, va.ns.d_-l.tm, zirconium,
tin, antimony, and bismth by forming the cupférre.tes of these elementé.(so)
The cobalt can be recovered elther by _filt.ra.tion or by solvent extraction.

| Bu.rgees,(sl) von Knorre,(52)' and Mayr and'Feigl(53) report on the use of

Q-nitroso=p-naphthol (sometimes called l-nitroso-2-nephthol) in glacial
acetic acld to separate cobalt from such elemente as aluminum, beryllium, ‘
lead, ceadmium, ma.nga.nese-, mercury, arsenic, antimony, zinc, calclum, mag-
nesium and moderate amounts of nickel. Phosphates, arsenates, end smmonium
salts do not interfere wheress nitric acid must be .absent before the pre-
cipitetion is made. f[ron, copper, bismuth, silver, chromium, zirconium,
titanium, vanadium, and tin also 1nterfere'. If a cdnsidera.ble amount of
nickel is presenj:, the cobeltinitrosc-p-naphthol precipitate, [ClOHSO(NO)] 3Co,
should be ignited, dissolved in hydrochloric acld and e repreciiaitation
ﬁa.de. The interferences from large amounts of nickel can also be el:l_mina'i;.ed
by ma.k:l.p,g an ini‘l;.iai 'sejqa:ation of nickel by adding an alcoholic soluti&)n
of dimethylglyoxime to an acetic a.cid.—séd_ium acetate solution .of the .ions.(5)+) The
cobalt lons are soluble, and the nlckel dimethylglyoxime precipitate can
be removed by filtering the mixture. If cobalt 1s to be determined in

the presence of large amounts of manganese by & precipltation with a-nitroso-
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p-naphthol, mich of the manganese can be removed by precipitating it as
the dioxide by adding potassium chlorate to a bolling nitric acid solu-
fion.(BS) The mangaﬁese dioxide is separated from the mixture by filtra-
tion.

The traditional metho& of determining cobalt in ferrous metals is
besed upon its precipitation with o-nitroso-p-naphthol, but Bogshaw(ss)
feports that-nitroéo-R-salt is a -much more relisble reagent. Nitrosonaphthol
has also been used in separating cobalt (as both the stable gnd radiocactive
speciea) from neutron-irradiated steél.(57) The nitrosonaphthol precipi-
tates, i.e., of the [CloH6O(NO)]3 types, may be dried and weighed in that
forﬁ,ér they nay be ignited to the oxide, Co30u, or converted to the sulfate,
CoSOu, before welghlng. .

Cobalt may alsc be separated as the sulfide, CoS, from a bgsic solu-
tion and can be converted to ammonium cobalt phosphate, NHuCoPOh-HEO, which
after washing can be ignited to the pyrophosphate, Co3P207{ for weighing_(21,22,58)
However, traces of cobalt are often found in the filtrate. As an alterna- .
tive, the sulfide, CoS, can be diréctly ignited to the oxide, Co Ou.

3
(%)

According to Hillebrand and co-workers, the method most often employed

to separate cobalt from interfering elements is the converse of the cobalti-
nitrite method for potassium, i.e., the potassium nitrite method. in this
method, first suggested by Fischér}59) an excess of potassium nitrite in
acetic acid 1s added to quantitetively precipitate the cobalt. Some recent

applications of the use of potassium nitrite 1n separating cobalt include

60) (61) (62)

those reported by Brboksbank, et al.,( Kallmann, and Smith, et al.

Brooksbank, et al.,(so) have used potassium cobaltinitrite dried at 110°C

as the welghing form of cobalt seperated from neutron-irradiated alumlnum-

(61)

base alloys. Kallmann has used tarteric acld to complex interfering

elements (especlally nickel) in separating cobalt by the potassium nitrite

(62) report on the use of potassium nitrite to

method. Smitﬁ, et al.,
separate radioactive cobalt from radicactive corrosion prodgcts. With
fegard to the use of this method, Broughton, et al.,(63) report that
explosive reactions c;n occur if the cobeltinltrite solution is reheated

(64)

after standing for some time. ‘Horowitz postuletes that these explosions
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result from the formation ;:f nitralic acid salts. It should be noted here
that Ka.].hn'a.n(Gl) suggests that the cobaltinitrite method is good for separat-
ing cobalt from other metals, but the final gravimetric determination of
cobalt should be maje by some other method.

Baker and HcCu.tchen(ss) report on the use of guaternary ammonium
hydroxide as a precipitant for cobalt. col_:a.lt .can also be precipitateni
fram a hot solution with E—ben.zoylphenyl—hyd:oxylamine(“) and converted
to GoSO,I_ as the weighing form. Nickel will interfere in this separation.
Aleo, copper 1s an interference; however, it can be removed by a precipit.'&-
tion at DH 4 in the presence of the reagent; cobelt (and nickel) require a
pH rran 5.5 to 6.5 for a precipitate to result. Bivalent cobalt can be
separated from ferrous materials by precipitating it with acridine(67)
fram a hydrochloric acid solution contalning excess ammonium thiocyanate.
Cobalt can be separated from tungeten by treating a neutral or.a]_'lghtly.
alkaline solufion with tartaric acid, emmonium thiocyanate and an excess
of pyridd.na.(ﬁa)

Andrew and Gentry(sg) have recently evaluated the advantages and short-
comings of methods proposed for the analysis of cobalt. As a result, they
.consider the tetrapbenylarsonium cobaltothiocyanate method the best method.
The precipitation of cobalt as the tellm—.lteGa ) by a measured ax.cess of
potassium tellurite and its determination gravimetrically as the cobalt

tellurite, CoTe0,, vas also considered to be a favorable method.

3!
Cobalt can be separated from strong acld solutlons by treatments with
sodium nitr:l.ta('?c.)) to form Co(llﬂa)s-Co(ma)G. The sodium nitrite oxildizes
Co{IT) to Co(IIT) to form Naam(ma)s. After the mixture is carefully
shaken to remove the nitrite formed through intersctiou of excess acid with

the RaNO,, an excess of a saturated cold solution of Go(m3)6013 is added

oo
dropwise to form a yelloy insoluble crystalline precipitate. Cobalt can
be determined in the presence of nickel, calcium, copper, strontium, zinec,
mangansse, mercury, lead, cadmium and b;ﬂm b'y- this mthod The ions of
rotassium and aamonium are ma)or interferences.

As a preliminary study in an Investigatlion concemed. vith the decon-

tald.na.tion(71) of radicactive laboratory waste water by coprecipitation,

17



the behavior of very small gquantities of radioective ions.witﬁ différent
voluminous precipitants was studied. The radioactive ions of POH(III),
Co(II) end Cs(I) were pfecipitated from sqlution.by the use of iron oxy-
hydrate,.aluminum oxyhydrate, copper ferrocyanide and iron.ferrocyanide
reagents. "In thls report, data is given on the dependence of such factdra
as pH, precipltant concentration, and équivalent ratio of the precipitent
compounds formed in the case of each precipltant used.

Rubeanic acid(72) will precipitate cobelt (as well as copper, nickel,
zine, and cadmium) from interfering ions found after the acid dissolution
of rock specimens. Cobslt can be separated from nickel by férming a stablé
cyanide comple# in acid_solption,(zu) After decomposing the KeNi(CN)u, silver
nitrete is added to the solution and the resulfing_precipitate of Ag3Co(CN)6
can be dried at 136°-and weighed.

Other preéipitation methods studied for the separation of cobalt
include those based on_the use qf such reagents as mercurlc chloride-
amnonivm thiocyanateses-eg) dinitroresorcinol;(73) anthranilic acid,(3Q’31)
5-bromoanthranilic acid,(3?? S—hydroxyquinoline,(3L’35) phenylthiohydantic
acid,(as) Aiphenylthiohydantpin,(Th) mercuric iodlde-ammonium hydroxide,(75)
benéoqninaldinic.acid,(76) isonitrosodimedone!(77) and benziminazole.(Ts)_.
Bach of these methods have th%ir_merits; however, in some instances, the

analyeis conditions influeﬁqe:the ease with which e separation of cobalt

can be obtalned.

2. Separations by Electrodeposition

.According to Williamafag) many investigators consider the electro-
deposition methods as thé béat methods where iarge amounts of cobalt'are_
involved and high.accuracy iﬂ desired. There are many diverse methods and
each method considers veriables concerned with such factors es the chemical
composition of the.electrolyte,'the time of electrolysis, currént density,
témperéture, type of electrode,.rate of stirring and;the.pﬁ of the solution.
In almost all cobalt electrolytic methods an& depending on the sample, .
electrolyéis may be preceded by an ilsolation of the cobalt from interfering

(79) with such agents as zinc oxide, o~

(80)

elements elther by precipitétion,

nitroso-p-naphthol, or phosphate lons, or by anion-exchange resins.
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Most electrolytic separations for: cobelt are based upon .the use of
ammonicel solutlons as electrolytes. In order to prevent mnodic deposits
of cobalt and the oxidation of the cobaltous-ammine ions, small amounts

(81). a.nd sodlum bisulfite(az)

of reducihg agents sucﬁ a8 hydrezine sulfate
are added to the solution during eléctrolyais. Brophy(83) reports on the-
use of such agents during an analysie at a high current denslty. Other
varietions, concerned with the use of reducing agente, as wellla.a current
density and time réq_uired for deposition, heve been reported ;by Young and
(6;) and Scott and Furman. (84)

Lingene and Pa.ge(85) have shown that cobalt and nickel can be separated

Hﬂl}hh)Munmn,

electrolytically 'bf _utilizing 'a.n a.q_ﬁeous pyridine solutio_n wlth hydrezine
to depolarize the platinum anode. The nickel is removed at a comtrolled
potential of -0.95 volt and a Bolgtion PH of from 5 to 7, after vwhilch the
ccbalt is deposited at -1.20 volts without any in‘t.:erferences.

(86) o, '

Torrance first reported that cobalt could be deposited upon an
anode at P 5 88 Co,0. Selyer and sweet(87-89) pave also shoin that
hydrated cobaltic oxide could be deposited on en enode. Solutions contaln-
ing a known emount of redioactive Co'60(5..3'y) were used 1n this work and the
concentration of cobalt deposited upon the anode determined by an 1s_otppe
dilution technique. '

The determination of small amounts of cobalt by i1nternal electrolysis

has been reported by Schlelcher. (90)

Also, information on the use of a
rotating mercury electrode in de'berm:ming cobalt has been presenfed by
Tutundzic and Stojkovie.(9)

3. Separétiona by Solvent Extraction

Sblvent extraction methods used as separation methods for other
enalysls techniques can often be adapted for use in radiochemistry and can
be quite useful in separating the desired cobelt redionuclide fram a sample

by either a carrier-free cor carrier radiochemicel method. Morrison and

Freiser(92) have recently reviewed the applications of ilon association and-
chelate complex systems to the determination of most of the elements.
Some of these systems are applicable for usee as separeation processes in the

radiochemistry of the cobelt radionuclides.
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a. Jon Association System

Kita.h.u'a.(9.3) and Bock and Herrmann(gu), have shown that cobalt (Co+2)

will not extract with ethyl ether from HF solutions of varying concentra-

tions. Sn+2 and Sn"'J+ are. completely extracted; As+3, Sb+3, .aa#l' and Mo+6

]
partially extract; cobalt (as well as Thia +2 gl + +

+
,Cra,hh X, ™,z ,
Ga+3, +1 +6,_B:I.+6, '.I'.'e+u, cate

Ag , U ,andOa"'é)d.onotextra.ct.

. Garwin end H:Ltaon(95_) have ahown that cobalt (Go+2) can be separated
from nickel by extracting 10 M HC1l and 0.85 M Ca012 golutions with 2-octanol.
Bock, et al.,(96) have shown that less than 0.1% co?® w1 be extracted

by ethyl ether from a metal bromlde solution (0.1 M to 6 M HBr); whereas,

B'b+5, ]?e+3, Eg"'a, Au+3, In+3, T_'L+3, are quantiatively extracted. Varying

3, 8a*, an**, au*3, se™, ana Mo*® will extract aepending

upon the HBr concentration. cu+2, N:|.+2, Zn+2, Cd"'zn, V"'5, and ‘I.‘e*'J+ do not .

amounts of Ga+

extract appreciably. In another'study,(g?) the extractability of certaln’
metal bromides from aqueocus solutlions contairning HBr a.nd/or mh]!r with

methyl isobutyl ketone and niethyl ethiyl ketone as sqlvents have been studled.

Fe+3 can be separated from M.n+2, Al+3, Co+2, and N:I.+2 under these conditions.

co*? (Mo, M, Cr, v, A1, Fet2, T1, zr, Pb, Th, Ga, Be, U and the

noble metals) do not extract into ethyl ether from 6.9 M HI aolﬁtiona.(ga).

B'b+3, Eg+2, 0d+2, Au+3, and 8n+2 extract quantitatively into ethyl ether

under the same conditions,
Oxygen-conteining solvents can be used in the solvent extraction

of Co'® (28 & blue complex) from NH),8CN dolutions of various concentra-

tions. Co™® (as well as Be, Zn, Co, Sc, Ga, In, ™*3, Fe*3, su™*, ama

Ho"JI') extract into ethyl ether(gg) or amyl alcohol(loo.) and can be

separated from such elements as A.'I.+3 » V"J", U+6,_. I.i+l

+1+, Aé+3, As+5,=.3b+3, Bi+2, c;-"'3, 11"'_2, and pa*e, These elements only

partially extract o'r do not extract at all. Co+2, Ni"_'z, and Cu"'2 form

+2 +2
,Cu, CA, Hg ,
Ge

vater-insoluble cyanate complexes in a NHII_SCN system that can be dissolved

in and extracted with .chloroforn.(lOl)

cot? (as well as Ni+2) precipitates at the interface in extracting

alkaline agueous solutions that contain Cu, Mn, Fe, Pd, and Ru with

(102) 42 44 quantitatively

BﬁCnggCOGE (n-capric acld) in ethyl acetate.
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extracted under these coﬁditions; Mn, Fe, N1, Co, Pd, end Ru interfere.
When butyrié acid in benzene is used, only Cu; Mn, end Fe extract.
Methyldioctylamine and tribenzylamine heve BLeen used to extract Zn
from cobalt (and other metals of the first transition series) in dilute
HC1 solutions.(lo3) Only 0.4% Co and >99% Zn was extracted from e 2 M
HC1 solution by e solution conteining 8 é of methyldioctylamine (MDOA)
per 100 ml of trichlorobeﬁzene. At a higher HCl concentration (10 N),
" 85.4% of the cobalt and 100% of the zimc extraéted. Solutions of MDOA
in xylene und in chloroform also quantitatively extract zine from cobalt
under the same conditlons. These studies also include en Investigation

+2, and Cu+l under the same con-

of the extraction of Cr+3, Mn+2, Fe+3, N1
ditions. Varled degrees of extraction and separation of these eleménts
from cobalt (and zinc), depending upon coﬁditions and orgenic agents used,
were found. : :

Acld solutions and extractlons with high molecular welght amines(IOh’los)
have been used to separate iron from cobalt. Only negligible amounts of
Co (as well as Zn, Al, Na, Mg, Ca, Ni, Cu, Mn, and Cr+3) are extracted
under these conditions.

Jobalt (Cp+2) enionic thiocyanate complexes, as well as those of
Fe+3, Hb+5, and Cu+2, have been shown to form salts with tripﬁenylmeth&l-
arsonium chlorlide that are extracteble into o—dicﬁlorobenzene.(106’107)
A mixture of 35% amyl alcohol—65% ether can be used to extract the thio-
cyenate complex of cobelt to separate cobalt from other élements.(loe)
Iron, nickel, copper, and zinc also form thiocyanatee that are partially
extracted in this system. The extractlon of Fe+3 cen be prevented ﬁy

3 2

adding citric acid or reducing the Fe¥ to Fe+ . Nickel, copper, and

zinc do not interfere in the determination of cobalt as the nitroso-R salt
complex since cobalt can be extracted as a thlocyanate from a slightly
acild solutlon with polyethylene glycol end methylene chloride;(log) iron,
nickel, and zlne do not extraét. The cobalt thiocyanate complex cen also

be extracted with acetylacetone.(llo)

(111)

Potratz hes shown that at least 95% of the cobelt tetraplenyl-

arsonium chloride formed in an acld solutlon can be extracted 1lnto chloro-
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form. The use of a 50% KSCN and NE,F mixture masks re*3 and U*® ana pre-

2 to Cu+1

vents their extraction.. The reduction'of Cu+ and the use of'lo%
KI solution.eliminates the copper interferencg. None of the other metals
interfere. .

. The heterocyclic polyamine,'2,2',2"-terpyridyl,forum a cobalt com-
plex which can readily be extracted into nitrobenzene.(lle) Cu, Fe, and
Ni interfere in this system. ' -

b. Chelate Compound Systems

Acetylacetone iIn chloroform does not form an extractable chelate(lla)

with either Co+2 or Ni+2_in highly ecid solutions; however, the Co+3 chelate

(114,115)

can be easily extracted and this system can be used to separate

cobalt from nickel. Other metals, such as Fe, Mn, V+4, Zn, and Zr also
extract under these same conditions (pH 6-9).

Cobalt can be extracted From aqueous solutions with B-quinolinol (oxine) in

(118’119) can retard

(120)

chlorofonm.(116’117) Masking agents such as cyanide
the extraction of Fe, Cu, Mo, and Ni. It has also been shown that
the use of sodium ethylenédiaminetetraacetate, EDTA, as a masking agent
in oxine extractions inhibits the extraction of Co (and Al,,Fe+3, Mn and

Ni) at pH 8 or above. When calclum ethylenediaminetetraacetate is used,

it 1s possible to completely inhibit the extraction of Co (as well ag ALl
(121)

and Mn) at & pH of 6. In an earlier study, 1t vas shown thet a
solution containing 1% 8-quinolinol in chloroform.wil; extract up to 10
ﬁg of Co from aquéous solutions having a hydrogen ion concentration in
excess of pH 3.5. Al+3 and'Ni+u interfere in these extractionms. _Cobalt
will not extract below a pH of 3.5; whereaa, Fe, Cu and Bi do.

In & thermodynamic study of some coordination complexes of metal

(122)

ions with diprotic nitrogen compounds, the formation constants of

cobalt were determined. The acid dissociatioﬁ constants of 2-hydroxymethyl-
naphth-[l,e]-imiaazole end 2-hydroxymethylnaphth-(2,3] -imidazole end the
stebility constants. of the divelent élement chelates of these compounds

(123)

have been studied. The acid dissociatlon constants of 4-hydroxyben-

zothlazole and the formation constamts of its chelates with Co(II), Mn(II),

Cu(II), zn(II), C4(II), Fb(II), end Mg(II) have also been studied.(l?h)
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The order of increasing stability of the metal chelates Cu.> Fb, Ni, Co
> Zn >Cd > Mn > Mg'is. similar to the stebllity sequence generally obtained

for divalent metals.

Cobalt can be separated from nickel by extracting the nickel dimethyl-

(100, 125)

glyoxime into ehloroform. If the extractlion 1s made in an alkallne

solution, the extraction of cobalt can be retarded if the cobalt chelate

is formed as Co(NH3)6+3.(100) Cobalt (as well as Zn, Cu, Ma, T1 and Al)

will hot, but N1 and Fe+2 will, form chloroform extracteble complexes with

(126)

dimethylglyoxime in the presence of pyridine. Similar separations of

cobalt from nickel are possible if the Ni complexes of cyclohexanedion-

(128,129)

edioxime(127) and furlldioxime are extracted into either chloro-

form, o-dichlorobenzene, ethyl ether or ethyl acetate.
Co"'3 in an acid medium will form an extractable complex with G~nitroso-

ﬂ-naphthol.(l3o »131) The cobalt complex of a~nitroso-f-naphthol cen be

extracted from a phosphoric acid-sodium citrate solution with chlorofqrm.(l32)
The red 2-nitroso-2_|.-nz.phthol complex of cobalt can be extracted Into either
»(133) (13%)

benzene or isocamyl ecetate. Cobalt also forms chloroform- -

extractable complexes with isonitrosoacetophenone (C6HSCOCH=N0E). (135)
In this é};atem, cobalt willl extract from an acid solution but nickel will
not.

Cobalt (ae well as Fe,: Cu, N1, Cr, and otbh'er.metals) can be separated
from palladium by extracting the a-nitroso-g-naphthol palladium complex,
in the presence of EDTA, into benzéne or toluene.(l%)

Cobalt cupferrate can be extracted from a dllute ecetic a;c_id solution:

with ethyl acetate or ether.(l37)

Cobalt (and Cu, Pb, Hg, M, U* and Zn) will not react with N-benzoyl-

phenylhydroxylamine in an acid solution having a PH of:h;(138’139) nowever,

water insoluble complexes of Sn, T1, Zr, 'V+5','Mo+6, and W+6 are formed

under these conditions and will extract.

The ability of'Ni'-'-'z'to form a complex with 3-hydroixyl-1,3-diphenyl- '

triazine in the pH range of 4.4-7.0 suggests that e separation from cobalt -

2

1s posaib.le.(lho) The Ni+ complex is aol_u'blé in benzene and in chloroform.

+2 46

o .
Cobalt (as well as Ni, Bi, Cd, Cu, Pd, Pt, so', U*°, Fe™, Hg, Th,
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Pb, Zn, la, Ce+h, In, Sc and Eu) forms e complex with 1-{2-pyridylazo)-

(1k41)

2-naphthol .that is insoluble in water. However, it is' soluble i1n

both amyl alcohol and carbon tetrachloride.

(142)

Sandell reports that cobalt dithlzonates can be extracted from

solutions at pH T to 9 with CCl\u_ or CHClB; nickel extracts only from a
weakly bésic solution. For éxamﬁle, in the analysie of blological samples,
Co has been separated from Fe, Te, Cr, V and other metals that do not form
dithizonates by extrecting a besic solution (pE 8) with chlorofom.(lh?”llm)
The organic solution of the dithizionate i1s q_uite stable to dilute mineral
aclds. o

lacoste, et 'al.,(lhs) report that cobalt reacts w:[tﬁ sodium diethyl-
dithiocarbamate and can be extracted with chloroform from solutiocne having
a pH of 6-8. Ni and f‘e+3 also extract under these conditions.

Cobé.lt xenthate can be extracted from an ammoniacal solutlon with
ether.(l%’.lhﬂ Ni and Fe xa.ﬁ‘tha.tes are only extracteble with chioroform
from a weakKly acld to meutral solution.(llw)

2-mercaptobenzothiazole forms water-insoluble salts of Co (and Bi, Cd,

Cu, Au, Pb, Hg, Ni, T1, and Zu) that are extractable into alcohol or. ether,(l8)

Cobalt forme a chloroform-extractable complex with thiosalicylldeneethy-
lenedii_mine_.(l)*” Thils complex and the !L‘l+l, Br, Cu, Ag, Hg, Pd+2 c_omplexes.
are stable in HCL or amonia. The N1, In, Te*¥, 80*2, 5v*3, ca, b, a3, ptt2,
Pt""h’ complexes are steble in HCLl but not in emmonia. The Zn complex is unetable
in both HCl and ammonia. The AL, Fe+_2, refj-, Mu and Ga campiexes do not react
in either system.

The cobalt-phenylthiouresa éomplex will not extract from dilute HCl solu-

tions into either ethyl or amyl acetate.(150) mi, cr'6, Fe*3, au'3, 0s*¥,
+

behave in a similar manner. Pd+2 1s quantitatively -
+

Pu*?, Rn*D and Ir
extracted while Pt ' and Cu are oniy partially extracted.

Co (es well as Ki, Cr, Zﬁ, A.s+3, Sn""h' and Hg) can be separated from Sb
and Bl by forming the antipyrine -(phenazoné) complexes of Sb and Bi and extrac-

ting them into chloro:rorm.(l5l)
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. Separetiocns by Chromatography

2. With Inorgenic Absorbents

The separation ﬁechanisms of metal catlomne from aqueous solutions upon in-
organlc absorbents, such as alumina and clays, have been reviewed by Sacconi (152)
Zechmeister (153) Smith (l5h) and Pollard and McOmie.(155) With regard to the

separaetion of CO +2 from other metal cations by use of alumina columns, Schweb,

et al. (156) Sacconi, (152, 157-160) Venturello (161) and Tanaka and Shibato(lsz’lsj)
have descrilbed this work. Sacconi( 152) has also shown that the complex lons of

cobalt, the cobaltemmines, ean be separated on alumina. éoﬁaltous-tartaric acld
and cobaltoue-dioxan complexes and thelr separation from other metal cation com-

(163,164) (165)

plexes have aiso beee studied by the use of alumine columans. Eremetsa
reports that cobaltous-dithlzone complexes can be ebsorbed fram CClu upon
alumina and has proposed a method of separating these complexes from other
metal dithlzone complexes. Boch(lss) has shovn that Co'Z and other metal
dithizonates absorbed on an alumina columm could be eluted wilth acetone.
Tanaka, et al.(167!;65) elso used a slmllar eystem to detect as little as
0.00l'parta per million of Co. Paulais(169) has_separafed cobalt.a-nitroso—
55naphtholates from those of Fe+: Ni+2 and Cu+2 by use of a chloroform solu-~
tion en alumina. Berkhout and Jorgen(lYO) also used this method to determine
cobalt in cast lron, steels and Ni-bese alloye; King, et al.(171) have used it
to deiérmine trace_cobaltjin animal feeds.

When metal ion solutions contalning cobalt are complexed wifh nitroso-R-
salt(172) and . then passed through an aelumina chramatogr&phic ion exchange
column, e separetion of cobalt from copper, chramium, nickel and iron is
effected. The elution of the cobalt complex may be measured colorlmetrically.
_ This technique has been applied to metal alloys wlthout prior separation of
anf of the components. _ | -

The use of Al(OE)B as an absorbent has been investigated by Fricke and
Schmah. (173) They have been able to separate cobelt from iron and copper by
this method. Flood( 17k ) has studied the glycine complexea of Cu, N1 and Co
" on Aleos—inpregnated paper end found that it was poeelble to separate cobalt

by varyling the-glycine concentration. Zolotayia(l75) and Vanyarkho and
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Garanina(176) have used Al(OH)j—impregnated.paper to separate Co+2 from othgr
metal cations. .

Cobalt has been separated from copper by 1norggnic chromatography using
clays, suéh as kaolinite, bentonite, and montmorillonife;_aa the absorbenf.(l77)
When a coluﬁﬁ is developed with water, Cu+2 1s strongly sbsorbed on the column
while cobalt flows rapidly down the column as a plok band. BSilica gel has alsé
been used a8 an absorbent and Milone and Cetiﬁi(ITB) carrled out extensive
studies on thé separation of'Co+2.fr§m the other trensition elemeﬁts'by use of
this absorbent system. Sen(l79’180) bes used asbestos and CaSO) ae medis for
the separation 6_f co from other elements. Silica gei impregneted wlth sodium

sellicate has also been used to separate co*? from ather elements.(lal)

182 i i
(18 ) can be separated from each

Cobalt and copper dlethyldithiocarbamates
other on an activated silica columm. After the chromatographic separation, the
dithiocarbemates were comverted to the corresponding complexes and determined

photometrically.

b. With Organic Absorbeuts (Other than resins and paper)

waderéd é-hydroxyquinoline has been used as an inert supéort for aquéous'
solutions in the separation of Co+2 from other catloms and anions.(183)
Robinson(;84?185) hes also used 8-hydrox&quinoliné columna to stuﬁy the separa-
tion of cobalt from other catlons contained in aqueous solutlons of copper alloys
and alloy steels. .Co+2 elutes as a réd—yellow band under these conditlons and
some interferences from the variéus components that gave yellow-colored bands
(such as ﬁ0h+2, Ag+2, Bi+3,:Moou+2, Zn+2, and U02+2) were observed.

Cobalt.has been separated from mixtures containing Fe+3, cute, end N1*2 by
use of columns of B-bydroxyquinoline, nephthaquinoline and cupferron mixed with
potato étarch.(186) Dimethylglyoxime, dimethylglyﬁiime-calcium carbbﬁate, and
dimethylglynximé-magneaium carbonate columms have been used to separate nickel

and cobalt(187) In another study,'Labruto and d'Alcontrés(lBB)

have shown

that complex cyanldes can be absorbed upon activated charcosl. - K3C0(102)6,
KhFe(CN)s, and K;Hg(CN)), are completely absorbed;.wherees, about 99% of_the.
K5Cu(cN)h and 97% of the KQCd(Cﬁ)u are absorbed. The éobalt complex wae easlly

separated from these other cyanide specles by an elution method.
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Since pectin and pectic'acid(lsg) dispe;se or dlssolve in ﬁgter,
they undergo ion exchgnge in squeous systems as pol&e;ectrolytes rather
then as lon exchange material 1n the accepted sense. DiGeacoma and
Respéli,(l9o) using. alecoholic solutlons, have shpwn tﬁgt pectin columme
_éould be used to separate cobalt ;bns from cupric loms. Gelg, contaiﬁing
such salfs ag podium arsenite, borax an¢,sodium silicate, have beeﬁ used

-to'separate Co fram mercurf and 1eéd.(19l,l92) Cobalt (end nickel) as
complex amines(l93) can Se identified and determined by the formation
of colored ring producte on agar gel. Cobalt forms a yellow-brdwn ring
with nucleonic acid while nlckel forms 5 blue ring. | .

¢, With Ion'Exchange Reslns

Kennedy and Davis(l9u) ﬁave shown tﬁat the eunion exchange resin,
Deacidite H, and orgenic solvents (guch as acetone and dimethylformamide)
.can be used to separate mixtures of cobalt, lithlum, and éopger (as chlo-
rides) and nickel (as nitrate). The anion adsorption by the basic form of
the tertlary amline resin takes place through complex formation with the
resin fundamenta; groups and both the cationlc and anlonic specles are
adsorbed upon the resin In equivalent proportiome. When the_croaslinkiﬁg
of Deacidite H 18 greater than 2$, a sharp reduction in the adsorption qf
 cobalt chlorlde is noted. Adsorption of these species 1s also influenced
by the nature of.the solvent; 1t is much greater from acgtoqe than from
dimethylformamide. - |
Kraus and others(l95'199) have studied the'behavior of anlone on_strqngly__
baslc exchangers of the polystyrene-divinylbenzeue type where the adsorption_
and elution of the element 1s deflned 1n terms of molar hydrochloric acid.
With respect to the separation of cobalt, the elution constants: of co*2, §1+2,
 w'2, cu*2, Fe'?, ana zn*? were studled using a Dovex-1 colum and various EC1
concentrations. Cébalt has an adsorption ma;imum at Intermediate hydrochl&ric
acld cohcentrgtioné.and will elute from the columm with hydrochloric acid concen-

trations of h.j!_or less. Atteberry, et al.(aoo) used a strong_base anion ex--

changer and HC1l of varylng concentratlions as the eluant to completely separate

Co*2 from un*2, Fe*2, N1*2, cu*2, zn'2, cat2, g™t

2

, and Sb12. Blasius and

Newger(eol) have shown that Co™® could be edsorbed upon either Permutit ES or
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" Dowex-2 resin at 80°C and easiiy. sepa.ra.fed from Petd , Mo*2, a1%3 ) and F1*2,
After each of thése species'were 'remov‘ed.with varylng concentrations of HC1 , the
C6+2 was removed from the column with water. - Hicks;_ et a.l.(zoa).ha;ve also shown
& similar behavior for Co'> on Dowex-2 resin and its separation from many other
elements by éiﬁtioﬁé with varﬂng concentrations of HCl. Moore and Kraué(lgg)'
used Dowex-l and 9 M HC1 as the eluant to separate Co"'3 '(a.nd. l‘é+3) from such
elements as A1*3 ana cu®d. ' . '
Herber and -Irvin'e(eoj) hé_ve used elutlons with ve;r&ing conceutré.tions of

60

HBr (no greater than T y_) from a Dowex-l column to separate radloactive Co~ in
carrier-free and macro amounts from ilrradiated Cuw, Zm, Ga., and_li. The elutions
were ldentlcal wlth those for HCL. .
Neutron—inﬁdiated biological esh hae been analyzed for radiocactive cobalt
by an anlon exchange resin éﬁM(EOh ) and radioactive coBal't in .environmental
materials has been separated from redicactive ruthenium, zirconium, nio‘Biu:m, '
ueptunium, coba.lt', iron zinc, at.rontimn, rare ea.rths,:'ch:omium, and cesium by
use of 8% cross-linked Dowex-2 (200-L00 ﬁesh) resins colums.(2%9) In each
separation, varylng cqncen‘brations of HCl were used as the eluants .l Sa.msabl('206)
useﬁ_ ah¢.>rt anion exci.auge resin (ncwex-é,'aoo-hoo mesh) columns coupled in series
and aatura.téd with chlo-ride ) citrate , and hydroxide loms to sep;nfate raéidactive
elements present as lmpurities in a ﬁa.ter'cooled nuclear reactor .' : Moly’od.enmn.
"-and tungsten vere quantitatively rétaineﬁ ou the chloride form; other e]_.éments
pass through to the citrate resin, where iron, cobalt, zinc, and nickel are
adsorbed as complex' 10113.. Manganese and chromium DaEs throﬁgh and are finally
prac'ipitated on the hydroxide form. ' . . B
Anion exchange In nltrate solutio:ns ie .aimilar , 1n many r:eapects , to that
in cblorid.é s.olutibns. Nelson and. Kraﬁs(EOT) have shown that the non-adsorbable
group iﬁ. nitric acid 1nc11.1des' most of the elements which are non-adsorbable in
.hyd..roch.'l.oric a.c:id.. However, the nitrate complexeg of the divalent tramsiticn
elements, i;e., co(II), cu(II), and Zn(II),. are less stable than the correspon-
ding chloride campiexes. . .
| Cobalt has'been. .separated. from solutlons of _séft magnetic a.léLﬁysf ,(208)
stalnless stee1(2%9) and other ferrous matéria'ls(zlo’eil) by use of au anton

exéhange r"gl.ain. After the separation, the cobalt was d.etefmiﬁed' by an EDTA
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titration. Zeigler and Rittner(212) report that the cobelt(II) cymnate complex
can be adsorbed by the lon exchanger, Dowex-l (8% crosslinkeage). Separations
9f cobalt are possible for cobalt-nickel ratios of 1 to 50. The cobalt was
determinea iﬁ the eluate by photometry. | _

Amberlite IRA-400 resin anﬁ HCl as an eluant have been used to separate Co
(snd Mo and Ag) from 70, ~~.(?3) povex 50 ‘colums end 1 M FaCl and 3 M NaCl
eluants have been used ‘to separafe the cils and trans isomers of.dinitrotetram-
mine cobalt (IIr).(2Lk) -

Cobalt, but not nickel, 1s strougly adsorbed on ANEX-L resin(215) from
. greater then 9 E'HCl solutions, and it may be eluted from the resin with water.
Fe, Cu, Pb -Zn, Cd, and Sn do not separﬁte fr&m cobalt under these conditions.

Metel cationa can he conveniently separated into groups by elution _
from an 8% crosslinked Dowex-50 (100 200 mesh) resin column with ethylene-

dilammonium perchlorate solution.(els) Co+2

can be eluted from the columm
with a 0.1 M solution of the eluant. .

Cobalt can be separated fram cadmium(217) by eluting the cadmium from
the mixture adsﬁrped on an 8% croselinked AG-S5OW reein column with 0.5 K

HC1l. Cobalt 1s retalned oo the resin.

d. With Chelating Tom Exchanée Reaiqs

To increaée the seléctivity of ion exchange rgsing toﬁard closely related
catlone, resins heve been prepared which incorporate chélating compounde Into
the resin structure.(zls) The equilibriﬁm adsorétion of several divalent
catlons over the pH range 1 to 10 hae been measured for'these_resins anq,.fpr
éomrarison, for two commerical catlon exchangers; The chelating resins showed
a capaclty comparabie to that of the commercial resiﬁs, and, in general, |
supgriof selectivity for ﬁetal ions. Fﬁr example, the 8-quipolinol_fesin WES
very effective in separating cobalt from copper . ‘ :

e. With Paper and Slmilar Materlals

Co+2 has been separated from other lnorganic lome by use of paper chromat-
ographlic techniques and such solvents as water(2l9) butanol-HCRS, (220)'e£her—
mineral aclds, (221) alcoholic KCN, (222) tetrahydrofuran HCl (223) butanol-

(226)

HC1, (224,225) and nicotine Bome of the reagents that have been used to

detect cobalt in the presence of other cations on a paper chromatogram include
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'HQS;(227) organic chelating éompounds,(zzh’eaa) quercé£in,(229) phenylthiosemi~
carbazide(?5o) end benzidine.(231) Deylight and ultraviolet light have been
used to observe these reactions.(EEh’232) Alcbholic solutions of'aimeth11slybxime
have also been used as s reagent In paper chromatbgraphy to determiné cobaltdus
tons.(233)

. follard, et al.(25u) hﬁve studled tﬁe behavlor m.’.Ct:;"2 and other.
catlions on paper chromatograms'bj use of complex-forminglmixturea (such
as acetilacetone, pyridine, and acetoacetic ester), butanoi-HNOE, butanol-
acetic acld, and water as solvents. Lederér'(235) and DeCarvalnol236)

have studiéd ﬁhé separation of many of the catlons, including Co+2

, using
alcohol-HCL mixturéa as solventa. Walker and Lederer(257) have stu@ied-.
catlonlc separatioﬁs of cobalt with bloary alcohols'mixtufes and HC1l as
solvents. Kefone—ﬁci;(238) bufanol-HBr;(Ejg) alcohol—HNdB(aho) mixtures
and other-organic liéuids(259) have also Been used as solvents in similar
studles. . . -

(241) report that a mixture of methyl n-propylkefone-

Lederer snd Lederer
acetone and HCL can be used as a solvent to separste cobalt from iron, nickel,
and manganese on a paper chromatogram. Bhlbota and Ue;:ra(Eha) used acetone-
HCl as a solvent for the same separatioﬁ. .Similér studies have heen msée by

Airan, (243) Airan and Barnabas(ehh)

and Tﬁeari.(2L5)..In all iustapcea,
- rubeanic scid ﬁns used as the reégent for detecting the CObalf ﬁn ‘the chroma-
.togram . . |
Several ketonic aolvent mixtures (such as acetone-water-HCl) have.been “

used for the separation of cobalt from nickel manganese, copper, iron
titenium, vanadium and urenium. (246). Cobalt (aa well as Fet) and Ni+2) has
been separated from aluminum, (247) - from nickel (248)° from copper, (2#9) and
L(250)

from irom, titanium, aluminum, vanadium and nickel by paper chromato-
graphy. Lacourt(25l) also has reviewed the general apjlicafions of paper
chromatography to the separation of cobalt from other metala and its subse-
quent determiuatiou by other analysis techuiques.

: Paper chromatography hes also been used to aeparate and 1dent1fy radio-
sctive o0 (5.27 y) 4in an Fei9 (45 d) solutiou.(252) 000 as a carrier-free

tracer Hes Eeen'sepajated from an irradiated:mnnganese target by use of
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peper chromatography ahd acetone-HCl as the solvent.(255)

Burstall, et a1.(254) have used cellulose chromatographic.columns
composed of wood pulp, cotion 1intefs, or filter paper to separate end
determine cobalt, nickel dand copper 1n steel. Methylpropylketone, and
methylpropylketone - acetone-weter-HC1 mixtures were used es solvents. A
cellulose column has also been used by Anderson and Léderer(255) to quanti-
tatively separate Co (and ﬁi, Cu and Fe) from thallium. Butaool-1 N HC1
wes used as the solvent.-

. Fllter paper colums impregnated with 8-hydroxyguinoline also have

(256) Dioxan, .pyridine,

been used to separate cobalt from other mgtais.
cﬁloroform, aéetone, methanol, propanol, ‘and butanol were used ag the sol-
vente in fhi; worﬁ. . -
Cobalt (as well as cépper and nickel) amine and eth?lengdiamine com-
plexes(ajT) can be erarated frﬁm each othér_by_paper thqmatograp ‘(?58) by_giu_
ting with solvents composed of mixtures of ether, methanol, water and con-
centrated hyﬂfoehlo:ig acld. A goqd separation:of copper fram-cobalt and
nickel was gcﬁieved. The behavior.of slx Co(III) cumplexes(259) was aiso_.
- studied using butanol-EC1, ﬁutanol—ammonia, butanol-acetic acid, acetone,
HC1 and water as solvents for the paper chromatographic separgtion. Cobalt
complex behayior on pape;_;hromotograpﬁic columns has also been invgstignted_
qsing HH201 solutiors at varying concentratiqns.(26o)

(261) reports on the use of paper chromatography to separate

Weldman
nickel from cobelt. A sharp séparation was obtalned by using n-tributylphos-
phate in hyﬂrochlorié acid-methanol (in the ratio of 2:1) as the solvept.

Singh and Dey(zsa) have.iuvestignteﬁ thg separation of Co(II) from
€4a(I1), Cu(II) and Ri(II) by use.of paper Btrip.chromatography and usiné
aqueous ethamol as the solvént. No satiafactory'separation of.Ni(II) and
C4d(II) from Co(II) was possible due to the apreading and overlepping of. l
zones . _

Friersdn, et al.(265) uged a two solvent syetem compoeed of butyl
alcobol iIn concentrated HCl and 3-methyl-2-butanone in acetcﬁg and HC1l fo
separate cobalt, nickel, copper and zinc iouﬁ by paper éhroﬁatography.

Berg end Strasser(264) used cyclobexane, methanol and dioxan as BOl-

31



vents to separate cobalt(III), copper(II) and nickel(II) acetylacetone
chelates by paper chromatography. '

| Me jumdar and Singh(2657 report on the use of a electro-chromatographle
technlique for ‘the separatioﬁ_of cobalt, zinc, manganese; apd pickel in the
preecuce of -a numéer.of electrolytes. Separatiou.aequeﬁces of Mn-Co-Ni, Ni-
Co-Mn, Zn-Co-Mn, and Mn-Co-Zn vwere observéd. In this work, e quarternary
separation using potassium cymnide solution at a pH of 6.0 geve the sequence,
Ni— Zn— Co— Mn. A slight spreading of the zinc band into that of the cobﬁlt

occurred for these conditions.

IV. DISSOLUTION OF SAMPLES CONTAINING RADIOACTIVE COBALT
Most materiale contalning radibactive cobalt 1sot6pes can be dispolved
in a manner similar to that used for non-active sample materials containing

cobalt. Hillebrand, et al.(266)

report that cobalt minerals eand ores, metals
and alloys, etc.,-can'be broken up and/or dilssolved by e preliminary attack
with hydrochloric a¢id, followed by the addition of mitric acid. Any insolu-
ble residue resulting from this pfoceésing can be fused with éotassium pyrb-
sulfate and sodium carbonmsté. Some oreé,'such.as those containing silver; can
be beet attacked by the use of nitric and sulfuric.acid mixtures. In extreme
cases, fuslon with sodium peroxide can be employed. Bilologleal maferials are
best dissolved by wet-ashing, i.e., digestion with Hp50), -HC 10y -HNO3 mixtures
while béing heate@.(267) Gorsuch(268) also repofta on wet or dry oxidst;on
techniques for determining cobalt and other trace élunents in orgenic end
bilological mﬁterials. _

Aﬁy one of these methods of sample dissolutlon can be adapted for use in
the radliochemistry of the cobalt radionuclides. However, 1t i1s considered
most practicel to add. the lmactive cobalt carrier (if an ieotoplc carrier
method ie being followed) to the mixture befofe'dissﬁlution begis. This
should esslat in achleving -an exchange of the cobalt carrier with the deairéd
cobalt radionuclide.
V: SAFETY PﬁAﬁTICES . .
_ﬁo matter wﬁat.géthd ié usea to.decompoae A sample, ﬁdeqpate safety.

precautioné should be followed.' The toxlcology of.mqst elemental compounds
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have beén reported by Piefers and Cre&ghton(269) and 1t.should be consulted
for information on handling cobalt-contalning materials aafely.

Safety practices in handling radicactive sample materidls are alvays
imporiant in radiochemistry. Thé digcharge of radio;ctivity by expiogion,
evolution, spilling, ete., into a leboratory area can be hazardoﬁs and can
result In widespread contamination. Thus, some source of information én safe-
hendling practices in ﬁrocessing radicactive samples should be consulted before
& radlochemlcal analyele for the cobelt radidanuclides 18 unhdertaken. -Gﬁe such
source 18 that which 1e given In the Oak Ridge National Laboratory's Master
Analjtical Nanual.(270)' Many other similar sources of information exist and
should be comsulted.

VI. COUNTING TECHNIQUES FOR THE RADIOACTIVE COBALT ISOTOPES-

The analysis of sample materiels containing'the'éobalt radionuclides
may be completed elther by a direct (nondestructive) measurement of the
ra@ioactivity of the ﬁarticular cobalt radionuclide in the radioactive
sample or by obtaining the radionucli&e in some suitable form followling
& radiochemical proceseing of the radioactive'samplé. The use of elther
technique is dependent upon the cobalt radionuclide being measured and
‘the semple ﬁaterial being analyzed. The radionuclide's half-life, the type
of radiations it emits as it decays, and fhe energy of its radiations,
as well as the radioactivity.induced into the other elements in the ﬁamplé

_ﬁatrix, mst be considered in selecting the method to be followed.

Table I of this monograph shows the nuclear chhfaéteristics of each

of the known radioactive isotopes of cobalt. The chief'radionuclideq of

6om (10.5 m), 0058

cobalt usually encountered by the radiochemist are Co
(72 4), and 0060 (5.27 y). These isotopes are produced as a result either
of a nuclear particle redction on the stable isotope of cobalt (0059).0r
on the stable 1sotopes of other elements. The radioéctivity of any of-
these cobalt radiomuclides can be analyzed and measured by standard Geiger-
Mueller, gamme scintillation and proportional counting technique.(27l-274)

The nondestructive analysis techniqdé'haa been used most frequently
in determining the cobalt radionuclides in neutron-irradiated materials

usually being analyzed by a radioactlvation analysis method.(275’276)
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For example, Schonken has reported on the use of & nondestructive

gamma spsctrometry method to detect and determine the 0060 (5.27 y). radio-

59

activity (and éubsequently'the steble Co qontent)_ in neutron-irradleted

bilological mate;ials_.-Bate and Leddieotte(278) have used a nondestructive
gamma épectrometer method employﬁng the complement-subtaction technique

to determine cobalt (as 0060, 5.27 y) and nickel (as'CbsB, 72 d) in such
materials as soils; vegetation, water, and metals and alloys. Salmon'279)
has also measured the Co60 content (and hence the 005? contenf) of etain-
less steel by a-neutron radiocactivation method involving nondestructivé
gaﬁma spectroﬁetry. In another gamma spectrometer mefhod, Leddicotte and

Guss(zeo)-have determined the cobalt content of Inconel by a nondestructive
measurement of the 0060 radioactivity. In thig same lnvestigation, it
was also possible to -measure the 0058 (72 4) radioactivity produced as the
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result of fhe n,p.r85ction-upon N1“" with good precision and accuracy.in

order to determine the meutron flux of the_reactdr-facility used for the

60

irrediation. In similar neutron flux messurements,the Co ~ and Co58 induced

in neutron thfeshold detectors have also been measured by a nondestructive

technique.(zal)

Emery(asa) hes determined the cobalt content in alloys and animal
' 60om

tissue by a nondestructive gamme-spectrometer measurement of the Co
"(10.5 m) redionuclide. . Westermark and Fineman(283).£ave algo uéed a similer
techniqﬁe to determine the-0059 content of stainless steel.

The radiochemical éeparation methods reported in Section VII:of tﬁis

monograph have moet frequently been concerned with the assay of radioactive

0060. Howéver,-it should be noted that Kaiser and Meinke(28u)

the 00601-n radionuclide following a rapid radiochemical separation to deter-

(284)

have used
mine cobalt in animal tissues. ILikewlse, Mullins, et al., have measured
the radioactlivity of-Co58 in order to determine stable nickel in & variety
of sample materials by a neutron radloactivation analysis method lnvolving
radiochemical separations similar to those described by Ledﬂicotte(286’287)

and reported as Procedures 17 and 18 in Section VII,

34



VII. COLLECTION OF DETAILED RADIOCHEMICAL PROCEDURES FOR THE COBALT
RADIONUCLIDES '

The deteiled radiochemical procedures presented in tﬁis section haye
evolved from each investigator's choice of'ideaé and techniqugs similar
to those.exﬁreéséd in Seetion III of_this monograph.. Car:;er;free and
carrier methods are considered only in this presgntation. However, thé
006o tracer-isotope dilution techniques, reported by such investigators
as Salyer and Sweet(BT-Bg) end Eristavi, et al.,(287) could be considered
ﬁy other 1nveétigators in their wofk with the cobalt radionuclides.

Only a few applicetions of carrier-free separations for the cobealt
_ redionuclides have been noted in the literature. 252:253,298,305) qoyo0y
of these procedures sre those presented herein as Procedures 19 and_22.
Hoﬁever, i1t should be prosslble to use any of the ideas and techniques
from the solvent extraction or chrumatdgraphy invgstigatiops citgd'in this
moﬁograph'to serve as a means of obtalning carrier-frée cobalt raéionuclides.

Most of the carrler rediochemical procedures have been originated.

elther for use in the preparation of radiqactive'cobait tracers(QOh’zas)

(aee Procedures 1-10), the separation of Co60 fram fission products(sa’?os’aag)
(see'Procedures 11-13), or in the use of radioactivetion analysis.(275’276)

In particular, in radiocactivation analysis, carrier radiochemical methods

have Been used in analysea_cbncerned with the determination of mlcrogram _

and submicrogram amounts of cobalt in blological materials,(2°h’28u’290'29§)
metals and alioys,(60’296‘299-305):meteorites,(306'308) rocks and min- .
eral;,(307’309’310) and marine sediments,(3o7’311) 'Pfocedures.lh to 2k

are typical of the separation methods used in these investigations.

Similar procedures have been used by Hall,(agl) Toblas, et al.,(?92)

penson, (293) Dpate, (@) yoen, et a1., (295) Albert, et al.,(399) Rigzier, (301)
Talbot, et al.,(302)-and Cornand and Gillis(30h) in their uée of redio-
ﬁctivation analyeis -to determine trace cobalt in such samplé materials

as tiasues.and metals and alloys. Procedures 15 and 16 described herein

are unigue in that they use fadioactive 0060 carriers. The reporté ﬁy

(28k)

Westermark and Fineman(283) and by Keilser and Meinke should be con-

sulted for additional information on this application.
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In each of the radiochemical procedures thet follcw,'special informa~
tion regarding the procedure's use, the type of nuclear bombardment, the
type of material snalyzed, separation time, etc., sppears as part of each
pr.oced.u.re. Whenever posﬁible , en evaluation of each .px;oced;u're is made with
regard to 1ts usefulneés in the decontaminatioﬁ of qther radioactive species

from the radiocactive cobalt isofopes.

PROCEDURE 1
Procedure Used In: Preparntion of radiéactive cobalt tracers
Method: Ioﬁ exchange. .
Element Separated: o0 (5.27 y)

Type of Material Analyzed: KNeutron irradiated tergets end cobalt tar§ets
. ’ for cyclotron production of radioirom(2

Type of Nuclear Bombardment: Neutron and deuterom .

Procedure By: Helwlg, et a1(2%%) (adapted from studiss by Kraus
and others{195-199))

Chemical Yield of Carr;er: Quantifative
Time of Sepgratioﬁ: Short |

Degree of Purification: Excellent from Ped?
Equipment Required: .Ion exéhange columns
Procedure:

1. Toa aoluﬁioﬁ of the ﬁarget ﬁaterial, add cobalt and/or iron carrier.
Evaporate.to_dryﬁeys. Dissﬁlve residue in 5 ! 361 and transfer the solution
to the resin column (Note 1). . .

2. Elute the cobalt from the resin column with & 20-ml volume of 5 3.301.
Collect the effluent in a:suitable_container (ﬁome 2).

. 3. Evaporate the cobgit effluent to a smell volume and mount for coﬁntiﬁg

(Note 3).

Notes:
1. Dowex-1, 200-&06 mesh, resin packed in a pyrex glasse column, having a

crose sectlion of 1.13 cu” and a bed 13 cm long. Columm conditioned with 5 M HC1.
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2.

3. The Co

PROCEDURE 1 (Continued)

Further elutlon of the columm with a volume of 0.5 M HCl removed Ie59.

60 gemma radloactivity was determined by counting liquid samples

in 1 dram vials with a sodium iodide crystal counter.

PROCEDURE 2

Procedure Used In: Preparation of radicactive cobalt tracers

Method:

Solvent extraction and precipltation

Type of Material Bombarded: Nickel (ae separated isotopes)

Type of Nuclear Bombardment: a. 37" cyclotron (protons)

b. 60" cyclotron (protons and deuteronms)

Procedure by: Lilly (Reported by Meinke(288))

Separation Time: 10 minutes

Chemical Yileld of Cerrier: ~ 90%

Decontamination: Factor of 5

Equipment Required: Standard

Procedure

1.

Dissolve Fi foll, welghing 3-5 mg., in a 10 ml beaker contalning
0.5 ml of hot 6 E.HNOB. Take to dryness on & preheated hot plate.
Add 3-4 drope of hot come. HC1l and take to dryness. Repeat.

Add 2 mg Co.as the.chloride sol'n gnd wvarm slightly. Transfer to
a 50 ml separatory funnel and diluté t0 10 ml wifh HAO.

444 5 gms of solld NH)SCK and shake until all of tﬁe cryetals are

dissolved. Extract Co from thils sol'n by shaking with an equal

volume of ethyl ether-amyl alcohol (1:1).

Draw off the H20 layer from this extraction and discafd it.

Add 10 ml of 6 N NHHOH to the orgenic layer in fhe separetory funnel
to destroy the complex and reextract the Co,

Draw off the ammoﬁiacal layer into a small beaker, heat to boiling,

and ppt CoS by adding NHhES sol'n. Prepare this ppt for counting

. aB deslred. : 4
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PROCEDURE 3

Procedure Used In: Preparetion of radloactive cobelt trecers

Method: .Precipitation

'l‘ype of Materisl Bombarded: - Copper or Nickel

Type of Nuclear Bombardment: 184" cyclotron (neutrons, deuteroms)’

Procedure by:

Lilly (Reported by Meinke(288))

Separation Time: 4 hours

Chemical Yield of Carrler: ~ 90%

Decontamination: 102

. Equipment Requlred: Standard

Procedure

A. Cobalt from Cﬁ(lo gms) + neutrons - 184"

1.

Dissolve Cu target in 50-100 ml of hot 6 N HC1 .conta.ining 5 ml
of 30% Héoz. Boll off excess H;0, and edd 25-50 mg Co and 5 mg
Ni as the.chloride sol'ns. Dilute the sample tc ~1 liter and

-add NHLOH untll the sol'n 1ls neutral or very sBlightly acidic.

B. Cobalt from Ni (1-2 SJ:E) + deuteroms - 184"

1.

‘Dissolve Ni terget in the least possible volume of conc. HNOsz.

Convert nitrates to chlorid.es by a.dd.ing' succesalve portioms of

conc. HC1 and ta.king to a low volume. Add 25-50 mg Co and. T5 mg

Cu a8 the chloride solins. Dilute the sa.mple t0 ~ 500 ml and

In ea.ch

(3)

add N'HlI_OH until the aol'n is neutra.l or’ very slightly' acldic.
of the abcnre cases, continue as follows -
Add conec. NH)_._HS03 gol'n., 1 ml at & time, until all of the Cu is
reduced (as shown by the lack of any localized blue color when a

few drops of conc. NHlI_OH are added) Add solid NHhSCN diseolved

in e small a.mount of ]120 until ppt'n is complete.

Coagulate the C‘uSCN ppt by heating and filter it 't.hrough a

double thickness of 42 Whatman paper in a lerge gla.ss funnel.

Discard the ppt.

. (W)

(5)

Boil the filtra.te to e@el 302 end then a.dd 3 ml of cone.
HC1l per 100 ml of volu:me.

Add a freshly prepared hot sol'g of alpha-nitroso-beta-
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PROCEDURE 3 (Continued)

nephthol, made by dissolving 10 gme of the selt 1n 100 ml
of 50% acetic acid, as long as & ppt is produced.

(6) TFilter the ppt through retentive paper. " Wash it well with
werm 6 N HC1, end then wi.th warm H-O until free from acid.
Ignite the ppt until all of the peper 1s burned off.

(7) Dissolve the Co0 in HC1l and add 100 mg Cu end 25 mg N1 es

. the chloride sol'ms. AdjJust the acidlty as in step (i)
and repeat steps (2) through (6) above.

(8) Com_'ert. this CoO.to CoClp by treating it with anhydrous
Clz &t 650°C for 30 minutes. '

(If desired, part of the CoO in step (7) may b.e dissolved in

HCl end the cobalt fraction purifled still further by adding Cu

and Ni hold-back carriers and repeatling _'t;he procedure.) _

Remarks:
The above procedure was designed for prepering e sample for enelysis
in the celutron. In case a s=mall spectrograph is to be used, the amount

a.pd finsl form of the Co may need changing.

PROCEDURE )
Procedure Used In: Preparation of ra.d.ioacfivé cobalt trecers
Method: ‘Precipitation
Type of Materisl Bombarded: Copper
Type of Nuclear Bombardment: 60" cyclotron (37 Mev a.lpha.s, .9.5 Mev
protons, 19 Mev deuteroms) . .
184" eyclotron (388 Mev alphas, 348 Mev
protons, 194 Mev deuteroms)
Procedurs by: Batzel (Reported by Mein.ke( 288))
Sepdration Time: - 4O minutes
Chemical Yield of Carrier: 30-40%
Decontamination: «~ 10_2

Equipment Required: Standard
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PROCEDURE 4 (Continued)

Procedure

1.

Dissolve copper in miﬁimm amount of c_o?ceﬁtruted BNOB, and boil
to dryness or with BC1l to destroy B].!O3. Add 5 mg of Co carrier
and 1-2 mg of the meighboring elamenta to serve as holdbeck.
ﬁmm copper as sulfide from a 1 N HCl solution. Wash the
precipitate with 1 N HCl saturated with HoS.

Boll supernate to remove HoS and neutralize with KOH. Make 2-3 X

in acetic acld. Batwrate about 5 cc of vater with KNO, and add

0.3 ce of .a.cetic acld. Heat and add to the hot solution of cobalt.
Allow %o settle. for 5 minutes in & steam bath. Cool, and centrifuge.
Warh with a 5% X8O, solution acidified with acetlec acid.

Dissolve the ppt 1in concentra.'bed. HCl; add 1 mg each of hold-

back carriers and repre;:ipitata.

Weight as the potassium .co'bu.ltinitrite.

PROCEDURE 5

Type of Material Bombarded: Urenium metal foil

Type of Kuclear Bombardment: 184" cyélotron (full energy particles;

high energy fission)

Procedure by: Folger (Reported by Me:l.nke(aas))

Separation Time: 2.5 hours

-*Chemical Yleld of Carrier: ~50%

Decontaminetion: From 10* to 10°

Equipment Required: Standard .

Procedure

(1)

Uraniun terget is dlssolved in conc. HCL (plue & emall amt.
" conc. HNO3 to clear up the sol'n) or in conc. HNOgz (should
be >10N). Use ~1/4 (or more) of target sol'n for aliquot.
Add 10-20 mg Co carrier and make basic with BHg.
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(2)

(3)

(&)

(5)

(6)

(7)

(8)

(9
(10)

Remarks:

(1)

(2)

PROCEDURE 5 (Continued)«

Centrifuge and wash ppt tﬁice with sat'd aqueous NHgq. Com-
bine supernatant and weshings. _ .

Scavenge twice with Fe(Oﬁ)a, twice with BaC04 & SrCOs.(add
sat'd NapoCO3 and check pH to be sure sol'm is basic eﬂough,
~1JH. 10).

Meke 0.7 - 0.8 N in HCl. Scavenge with CuS, CdS, RepS7

(for Tc) HgS, PdS, (1-2 mg of carriers).

Meke basic with NH; and ppt CoS with HoS. Wesh to. remove all
NH4+. Dissolve in 1 cc conec. HNOs. Dilute to. ~LN HNOg

and scavenge with 1-2 mg AgCl twice.

Msake basic with KOH to ppt Co(OH)é_(upon heating_g&es to
Co(OH)g). Centr. end wash. Dissolve ppt in 3 cé 2-3 N Hac-.
Add 2 mg Ni holdback and heat. ' \

Add 3=k ce 6 N HAc sat'd with KNOp hot (Caution! Beware of
foaming over), Digest 10 min hot. Chill in ice bath to retard
bﬁbbles and centrifuge KsCo(NOs)g'l 1/2 HoO (yellow).

Wash, and dissolve in cone. HC1l (with heating - green sol'n
is obtained).

Repeaf steps (3) through (8). Thén:repeat (6) ana (7).

Wash twice'with H20, EtOH, Eto0. TFilter, dry at 110° ¢ for

5 min. Weigh as KsCO(NOg)B'HZO.

In step (6), the Co(OH)z ppt becomes grey-brown on heating

‘in the water bath. This does not interfere with thé procedure.

For additionel information see Scott, "Standard Methods of
Chemical Analysis,"” D. Ven Nostread Co., Inc., New York, Ed.

5 Vol. I, pp 305-1h.
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PROCEDURE 6
Procedure Used In: Preparatlon of radloactive cobalt tracers
Method: .Precipita.tioﬁ and so.ivent ex.‘t'..ra.ction .
Type of Materlal Bombarded: Copper or Nickel

Type of Nuclear Bombardment: &. 607 cyclotron (neutroms)
. b. 184" cyclotron (deuterous)

Procedure By: Lilly (Reported by Méinke(288))
Sepa.x;ation_ Time: 1 hour

Chemical Yield of Carrier: ~ 90%°
Decontamination: 10-2
Equipment Required: Standard

Procedure:

A. Cobalt from Ki (separated Lsotopes) + p,d,n ~ 60"

l. Diseolve Ni foll, weighing 3-5 mg., in a few d:dps of come. HIOB and
boll off EN03 with successlve portions of HCl. Add 2 ng Co, 2 mg Fe and 5 mg
Cu as the chloride sol'ns.

2. Dilute to 50.-ml with HxO and heat to boiling. Ppt I'é(OE)3 by aedding
ll'ﬂhOH in excess and coagulate the ppt well by heating. Filter the I‘e(OE)3 ppt
through Ko. 42 Whatman paper in @ glass funnel and wesh vwith a sma.il amount of
1% WH)Cl sol'n. Make the filtrate slightly acidic with HE1l. Add comec. N‘Hh_]iso5
sol'n dropwise untll all of the Cu ls reduced (a8 shown by the lack of any
localized blue color when a few drops of conc. NHhOH are added). Add solid
NH]‘_SCN dia_aolved. in a small amount of Heo untll ppt'n 18 complete.

%. Coagulate the CuSCN ppt by heatlng and filter 1t through a double
thickness of No. 42 Whatmen paper in a gl-a.sa funnel. Disecard the ppt.. Boi];.
the filtrate to a volume of 10 ml to e:@el.soa and tranafef to a 50 ml eeparatory

funnel.

- B. Cobalt from Cu (50-100 mg) + 4 - 184"

1. Dissolve Cu target in conc. HC1l containing a few drops of conc BIIOB.
Boll off the excess HNOB. Add 2 mg Co, 2 mg Fe, and 2 mg N1 as the chloride
sol'ns. .

2. Dilute to 50 ml with H,0 and heat to boiling. Ppt Fe(OH).B by adding

N‘HII_OH in excees and coagulate the ppt well by heating. Fillter the Fe(OH); ppt
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PROCEDURE & (Continued)

through No. 42 Whatman péper in a glass funnel and wash with a small amount

of 1% NE)\Cl sol'n. Make the filtrate slightly acidic with HCI. Ad.d conc.
NE,HS05 sol'n dropwise until all of the Cu is reduced (a8 shown by the lack of
any locallzed blue color when a few drops of conc. NHHOB are added). Add solid
NH)SCN dissolved in a small amount of HzO until ppt'n ie complete.

%. Coagulate the CuSCN ppt by heating and filter 1t through a double
thicknees of No. 42 Whatman paper in a glass funnei. Discard the ppt. Boil
the filtrete to a volume of 10 ml to expel 50, and transfer to a 50 ml
separatory funnel.

C. Cobalt from Cu {(0.1-0.5 gms) + n - 184"

1. Diesolve Cu tafget in 10 ml of hot 6 E_HNOB in a emell besker and
boll off HN03 with successive portions of HECl. Add 2 mg Co and 2 mg Ni ae
the chloride sol'ns. -

2. Add E20 and HC1 so es to give & volume of 25-30 ml with 0.3 E}O.ﬁ .
HCl. Heat to boiling apd pass 1n HES to ppt CuS. Coagulete the ppt by heating
and filter 1t through e smail gigg'sintered glass filter. Wash the ppt with a’
small amount of B0 end discerd it.

3. Boll fhe filltrate to & volume of ~ 10 ml end then transfer it to a

50 ml separatory funnel.

In all three of the above cases coutlinue as follows:

4. Add 5 gms of solid RH)SCN and shake untll all of the cryetale are
dissolved. Extract Co from this sol'n by shaking with an equal volume of
ethyl ether-amjl alcohol (1:1).

5. Draw off the H,0 layer from thls extraction and discard 1t.-

6: Add 10 ml of 6 N KEOH to the orgenic layer in the separatory
funnel to.destroy the complex and reextract the Co. _

T. Draw off thie ammonlacel layer Ilnto énother 50 ml sefaratory funnel
and make 1t slightlj acldic with HCl; Add 2 mg N1 as the‘chloride Bol'n and
repeat the extractlon as in step (L) ebove. '

8. Draw off the H20 layer and aiscard 1t. Treat the organic layer wilth

NH),,0H as described in step (6) above.
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PROCEDURE 6 {Continued)

9. Drew off the ammounlecal layer into a 50 ml beaker, boll to & volume
of 5 ml, and ppt CoS by adding NH,HS sol'n. Prepare this ppt for counting as

desired.

PROCEDURE T
Procedure Used In: Preparetion of radioactive cobalt tracers
Method: Precipltation and solvent extraction
Type of Méterial Bombarded: Arsenlc
Type of Nuclear Bombardment: ~ 190 Mev deuterona’
Procedure By: Hopkins (Reported by Heinke(ase))
Separation Time: 1 hour
Chemical Yield of Carrier: ~ 70%
Decontamination: -~ lO%
Equipment Required: Standard
Procedure:
l. Dilssolve As 1n minlmum HN03 + HEOE,'add 2 mg Se and Ge carrier, 5 mg Co.
2. Make alkeline with NE,OH, pass in E8 rapidly for 1 minute ouly. '
Centfifuge Immediately. '
3. Dissolve in minimm come. HCl, add 1 mg Cu, ppt CuS from hot 1 K HC1.
k. A4d other carriers, eveporate to small velume, make 6 K HCl,.extract
L times with equal volume ethyl ether. '
5. Evaporate to .near dryness, add H,0 to 2 ml volume, and an equal volume
of solid KSCN. Extract b times with 2 ml smyl alcohol.
6. Extract out of amyl alcohol with 4 ml 1 N KOE.
T. Dissolve in HC1l and reppt hydroxide with KOH.
8. Dissolve in minimum acetic acid, dilute to 4 ml, saturate with KCl,

and add KNO, until pptn of Kﬁ°°(N°2)6 is complete.
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PROCEDURE 8
Procedure Used Iv: Preparation of ‘radloactive cobalt tracers
Method: Electrodeposition
Type of Materiel Bombarded: Copper

Type of Fuclear Bombardment:; 60" cyclotron (19 Mev deuterons)
184" cyelotron (194 Mev deuterons)

Procedure by: Stevart and 8oftky (Reported by Meinke(285))

Separation Time: 4-6 hours

Chemical Yield of Carrier: 90-100%

Decontamination: 10°

Equipment Required: Stainless steel etrip electrodes, electrolysis cell,
- platinum disce, and etlrrers, 2 ampere d.c. rectifier

unit. .

IProcedure:

1. Dissolve Cu.foil 1n minimm dilute-HNOE; Add 1 mg. Co, Wi, and
Mo carriers as ultrates, and 2 drops comc. HpSO0). Diluie to about 20'mi
with distilled vater.

2. .Electrodeposilt copper on stainless steel strip cathode set into
beaker in which the foll wﬁa dissolved, using a rotating Pt spiral anode at
2-3 volte, 1-2 ampefes. .

3. When solution iﬁ water white, remove the electrodes, add 1 ml conc;
H,50) and evaporate to SO3 fumes to remove HN03.

h.. Dilute to 35-50 ml and eaturate with HyS to precipitate residual Cu.
Filter. Boll flltrate to expel HEB, add 2 mg Cu carr;er as chioride and repeat.

5. Boll filtrate 5 minutes to expel Haﬁ,.make solution slightly armmonical,
then add'l;e ml 1% dimethylglyoxime In ethanol to ppt NiIMG. Filter. Wash ppt
with hot water. -

6. Acidify filtrate with HNO

and evaporate to0-80, fumes to destroy

3 3
alcohol. Add ap few drops of cone. HC1 and agaln take to 803 fumes to insure
removal of NOx~. - '

T. Transfer solutlion to a 30 ml tower electrolysls cell fitted with a
1" Pt disc cathode, make strongly ammonical, and electrolyze at 1-2 amperee
for sbout 30 minutes, usiﬁg a glowly rotating Pt anode. Cobelt deposite as
a smooth adherent plate on the cathode. MnOo deposlts at tﬁe same fime on

the anode.
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PROCEDURE .8 (Continued)

8. Whben Co is completely depoeited, replace the electrolyte with die~
tilled water while the current 1s still on. Remove the anode quickly to
prevent sol'n of the Muly, pour off the water, and rinse the cobalt plate wlth

alcohol.

Remarks:
(In step (5) if solution 1s too strongly ammonical at this point, ﬁiDMG
will be Ilncompletely preéipitated.)
(In step (7) NH)OE should be added periodically during the électfodeposition.

Current should be kept”lowei than 2 aiperee to give e emooth adherent platé.)_

FROCEDURE 9
Procedure Used In: Preparatlion of radloactive cobalt_traggrs_
Method: Precipitation
Type of Material Bombarded: Copper foil

Type of RNuclear Bombardment: a. 60" cyclotron (deuteroms)
b. 1B4" cyclotron (deuterous)

Procedure By: Stewart-Softky (Reporfed b& Meiuke(esa))
Separation Time: 1 hour . | .
‘Chemical Tield of Carrier: ~ 80%
Decontamination: 100
Equipment Required: 'éténdar¢
Procedure:

1. Dissolve copper in minimum dilute HCl + a few drope of 30% H202
Boil off peroxide Add 2 mg Pe and Co carriers as chloride

2. Precipitate re(on)3 with excess NHyOH. Filter and wash with
NH,OH (dilute). '

3. Acldtfy filtrate to about 0.1 N HC1, add & few drops of NHuHEOB

+2

to reduce cut® to cut {decolorized solution) and warm to near boiling Add

KH),SCN cryatals until no_further precipitat;on of CuSCN takes place. Let
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PROCEDURE 9 (Continued)

settle :or 15 minutes. Filter through No. 42 filter paper. Wash precipitate
with & 1% solution of NH)SCK. ' _ '

4. Add pufficlent couc. HC1 to filtra#e'to make ébout 1 N acid and heat
to near bolling. Add 5-10 ml of a freshly prepared solution of a-nltroso-
. B-naphthol reagent. (10 & a-nitroso-p-naphthol in 100 ml 50% acetic acld.)

Let stand 30 minutes to insure complete precipltation of cobélt.

FROCEDURE 10
Procedure Ueed In: Preparatlon of radlocactlve cobalt tracers
Method: Solvent extraction and precipitation
Type of Materiel Bombarded: Copper foll

Type of Kuclear Bombardment: a. 60" cyclotron (deuterons)
' © b. 184" cyclotron (deuterons)
(288)

Procedure By: Stewart-Softky (ﬁeported by Meinke
Beparation Time: 1 hour .
Chemlcel Yield of Carrier: 80-100%
Decontamiuatlon: 105 |
Equipment Required: Standard
Procedure:
1. Diesolve copper foil in € N HCl and a few d;opélof 30% HoOp.
Boll off the peroxide. Add 2 mg Fe, Zn, and Co carrler as chlofiﬁes.

2. _Precipitate Fe(OH)3 with excess NH)OH, cenfrifuge and pour off
supernatant. Diesolve precipitate in HCL an@ repeat.. Ad@ 2nd pupermetant
to the originel. _

3. Meke solution aﬁout 0.1L KN with HC1. Add a few drops of NHL_HSO5 t6

reduce Cu+2 to Cu+:L

(ehown by decolorized or pale yellow solutlon). Werm to
near boilling. Add NHLSCR crystals until no further precipitation of CuSCN
takes flaée. Let.settle for 15 minutes. Fillter thrﬁugh Whatmen No. 42 filter
paper directly into a.sepﬁratory fuﬁnel. Wash precipitate with a 1% solution
of NH),SCN contalnling g little NHLESOB.
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PROCEDURE 10 (Continued)

L, Add 5 g NEh;SCn 4o the solution in the separatory funnel and extract
(NH), )oCo(8CN)), with a 1:1 emyl alcohol-diethyl ether golution. Add 2 ml coame.
HCl and 1 g N‘Hh_BC'.N and repeat extraction untll solvent layer 1s colorlees (2-3
extractions ére usually aufficient).' Re-extract cobalt from the combined .
solvent layers with 6 N NE),0H .

5. Make solution acld (pE 2-3) with HC1 and edd an additional 1 mg
of.Zn as ZoCly. Saturate with HyS to precipitaté Zo8, centi-ifuge and decant
supernatant into another come. Make slightly ammoniacal and warm to coagu-

" late Co8 precipitate.

Remarks:
It wvas found that Zn extracted partially from the saturated thiocyanate

‘solution with the alcohol-ether mixture.

PROCEDURE 11

Procedure Used In: Sepasration of cobalt rad.i.oa.ctivity' from radiocactive
corrosion products (mlxed with fused salte of uranium)

Method: Preclpltatlon
Radionuclide Separated: Co6o (5.27.¥)
Types of Materials Bombarded: Incomel and fused salts(62)
Type of Ruclear Bombardment: Neutron .
Procedure By: Smith, R. R,, et 31(62)
Separation Time: Bhort
Chemicsl Yield of Carrier: ~ To%
Decon‘bmnina.tion: Good from iron, chromlum, and fission producte
Equipmen‘l; Required: Standard . .
Procedure: _

. 17' Add 2 ml standardized Co carrier (2.00 mg/ml) to fused salt solution
(Note 1). Add NH)0E until Al(OH)3 precipitates. Centrifuge; tranefer super-

nate to new cenfrifuge tube.
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PROCEDURE 11 {Continued)

2. Dissolve precipltate iﬁ a minimm quentity of comc. HNOB. Neutralize
. with NH}0H and add excess NHjOH. Centrlfuge; comﬁine supernate with initiel
supernate. .

3. Dissolve Co(NH4)++ complex by adding sufficient giacial acetic acild.
Then add excess 3 M HAc. Dilute to 25 ml with weter. .

4. Add 6 ml of 3 M Hic saturated with KNO, tc the solutlon.. Digest 10
minutes in an ice bath. Centrifuge; dlscard supernate. Waéh the precipltate
twice with 30 ml of water. Discard waeshes.

5. Dissolve precipitate in several ml of conc. HC1l. Beoil off decdmﬁoai-
tlon products. Add Cs and Ba éarriers and dilute to 25 ml with water.

6. Precipitate cobalt hydroxide with 10 ml of saturated KOH solutionm.
Wash precipltate with water. Ceﬁtrifugé; diecard wesh liguid.

7. Dissolve cobalt hydroxide precipitate in 3 ml of 6 M HAc. Add Zr
and Cr holdback carriers. Dilute and add 3 M H.Ac sa.turt;.ted. wilth KNO, -KBCO(NOQ)G
precipltates. l 2

8. Ceﬁtrifuge. Wash twlce with water and twice with absolute ethanol.

-Weigh after drying. Mount, compute carrier yleld, and count (Note 2).

Notes:
1. Aluminum nitrate solutlon is used to dissolve the fused salt.

2. Gamma pulse analysis used to measure 0060 radicactivity.
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PROCEDURE 12
Procedure Used In: Separation of radloactive cobalt from fisslon products
Method: Ion exchanée _ .
Element. Sep;rated:' ¢ (5.27 » _
Type of Material Analyzed: Natural materisls (waters, soils, vegét&tion)(205)
Type of Nuclear Bombardment: Neutron reactlon pfdducte | .
Procedure By: Boni, A. 1..(205) .
Chemlcal ﬂeld of Carrier: > 95%
‘Time of Separation: Several hours

Degree of Purification: > 10% from Fe??, Zu65, crol, 05157, Br89,'Rul°6, Np239,
: Zr95, Nb95, and rare earth radlonuclides.

Equipment Required: Standard
Procedure: )
1. Prepare samples in followlng manner:

a. Water - evaporate to dryness and dissolve repidue In 3 N HCL -
0.1 N HF mixture.

b. Soils (muds) ~ leach with 3 N HCL-- 0.1 N HF mixture (Note 1).

c. Vegetation - fire 1n 8 muffle furnace aund then dissolve the ash
- or leach it with 3 N HCL --0.1 N EF mixture (Note 1).

2. To the dissoived or leached sample material, add a knowh aliquot of
ra*t, crt3, Fe?3, 0o, cetl, ce™, M, Ba*?, 5r*2, zr™*, and 7n'? carrier
solutione to it (Note 2). 'Then add 1 ml of a 0.2 gram per ml thioacetaﬁidé
solution to the mixture.: Digest and allow the precipltate to settle. Repeat
the thioacetaqide add;tion. Remove thloacetamide precipltate (Ru+h) elther by
centrifugation or filtration (ﬁote 3).

3. Rvaporate the supernatant liquid (br filtrate) to drjpesa and then

add 2 ml of conc. HRO, and transfer the slurry to a 50-ml centrifuge tube. Add

3 .
25 ml of fuming HN03 to the tube; cool the solution under cold tap water. Digest
the mixture for 15 minutes. Centrifuge and decant supernatant liquild to
new centrifuge tube (Note 4).

4. Evaporate tﬁe supernatant llquid to dryﬁess and then add 5 ml of
distilled water to dissolve the residue. Heat, 1f necessary. Add 5 ml of
0.2 N Hy80) - 0.6 N EF mixture to the solutioni Digest for 15 minutes; then

centrifuge the mlxture and pour the supernatant liquid dlrectly on to a
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PROCEDURE 12 (Continued)

" previously prepared Dowex-2 resin column (Note 5) washed with 15 ml of a 0.1
HESOh - 03§ HEF solution. Wash the preciplitate (Note €) with 5 ml of the
same acld solution, centrifuge the slurry, and add the supermatant directly
to the resin columm. Allow. the llquid to paes through the resin cdluml Into
8 100 ml besker. |

. 5. Wash the resin by adding 40 ml of a 0.1 N Hesoh - 0.3 N HF solution

in 5-ml aliquote to the columm and combine the wasﬁ effluent with the sample

effluent. Cautlously evaporate the combined effluents to dryness .(.Note -
6. ﬁissolve the residue in a minimum of conec. HC1l. Heat, 1f necessary.

.Qua.ntitatively transfer the solution to another prepared Dowei-2 resin column
(Note ») +that has been washed with 15 ml of conc. HC1l. Allow the solution
to pass through the reein colunm, collecting the effluent iﬁ e 50-ml beaker.
Wash the resin by the addition of 40 ml of conc. HCL 1un 5 ml allguote and
combine the effluent with that of the sample (Note 8).

7. Continue the resin column elution with 4o m1 of 8.5 N HC1 - 0.5 N HF
solution. Collect this effluent (Note 9). |
8. Elute the 0060 from the resin by adding 30 ml of 5 N HCL. Collect
this fraction in a 50-ml beaker (Note 10).
§. Evaporate the cobalt fraction to a small volume. Transfer to a

60

plastlc sample vial and coumt ‘the Co radioactivity by a gamma scintillation.

counter (Note 11).

 Hotes:

1. More than 99.0% of the radionuclides dre leached by this process.

2. A totsl of 20 mg of Co+2 are added; all others range from i-20 mge each.

3.- The fa.dioact_ivity of thls precipitate can be assaﬁd.

k. T£e gtrontium nitrate precipltate obfaiued here can be further processed '
and the radiocactivity of Br89 measured. .

5. Ion exchange column: 17 cm long x 0.9 ecm I. D., with stopcock and
50-ml capacity .reservior. Regln: . 8% cross-linked Dowex-2 in the chloride

form; 200-4L00 mesh.
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PROCEDURE 12 (Continued)

6. Following wash process, this precipitate may be processed for rare
earth radlonuclides. .

T. At this polnt, the resin column is processed for Zr-Nb radloactivity
'(see_Boni(205)). . .

8. 'This fractlon comtains Cs 2! and Cr?l.

9. This frection comtains Np22o.

10. The resin column retaine Fe59'aﬁd Zn65._ If required, 1t can be
further proceesed (see Boni(zos)).

11. In this instance, & scintillation well éounter,equipped with a 1.75
inch diaﬁeter x 2 inch NaI(Tl) crystel having e 5/8 inch dlemeter x 1.5 inch

central well, was used.

PROCEFDURE 13
Procedure Used In: Decontamination of Fission Product Solutions.'.
Method: Precipitation - solvent extraction - electrodeposition
Radicnuclide Separated: Cob0 (5.27 y)
Type of Material Acalyzed: Fission Product Solutions
Type of Nuclear Bombardment: Co29(n,y)Co60
Procedure by: Burgus, W. W. (Repbrted by Kleinberg(zeg))
Chemical Yield of Carrier: TO-T5%
Time of Separation: 2-5 hours

Degree of Purificatlon: Excellent from stable nickel and from fission
) product radionuclides.

Equipment Required: a. Standard leboratory plus plating equipment des-
i ) cribed under "Preparation and Standardization
of Carrier™ gilven below.

b. Platlng cells: 5 mll Pt square cethode (prewelghed),
moutted on brase plete and held in position by 7/8"
ID glass cylinder, with gasket between platinum and
glass cylinder; rotating Pt anode; d-c source; resils—
tance in serles with current source and cell. (One
pPlating cell each per sample and. standard.)

_Reageﬁts:- Standard, except for
&. Amyl alcohol - ethyl ether mixture: equal parts by

volume, and
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PROCEDURE 13 (Continued)

b. Cobalt carrler as prepared and standerdized in the
procedure. .

Procedure:

A. Preparation and Standardization of Carrier

Dissolve 49.3 gnm of Co(NO5), * EHx0 1n H, add 1 nl ENO3, and dilute to
1 liter with H)0.

Pipet 5.0 ml of the above carriler solution.into all25-ml Erlepmeyer flask
and add 5 rml of 320 and 3 ml of conc. HgS0y. Carefully beil down to copious
803 fumes to remove.Noj' ioq. Cool, dilute to 8 to 10 ml and allow the solutlon
to come to rocm_tempereture. Cautliously neutralize with conc._NHuOH, then
" add 1 ml 1in excess and allow to eodl to roem tempefature. ”Tranefer the
solutlion quantitatively to pléting cell and dilute to 15 ml. Add about 2 am
of solld (EE))pS0), introduce rotatiné anode, and stir until the (nau)zso;
has dlssolved. Plate out Co with continual stirring. _The.current 1s Ainitially
kept at 0,10 amp at ebout 3 volts. During the first 1/2 hour of plating the
current is éradually increased to 0.20 EEP, which current is meintained for
" the remainder of the plating procese. (The optimum pleting time is at ieast
3 hours.) The cell is dismentled, the plate removed end washed sevefal times
with distilled Eéo and once with ethanol. .It 1s then air-~dried and welghed.

Four standardizations; with resulte agreeing within about 0.2% are
usually made.

B. Radlochemlcal Procedure

1. To the sample in a 4O-ml centrifuge tube, add sufficlent H;0 to bring
the volume.to 20 ml. Add 3 ml of standard Co cafrier end 1 ml of Wi cerrier.
Precipitate Co and N1 hydroxides by the addition of 10 M KOH (Note 1). Centri-
fuge and wash the hydroxidea with 15 ml of 320, discarding the supernate and
washings. .

2. Dissolve the precipltate by wvarming with 3 ml of 6 M H02H302. Dilute

to 25 ml with E 0 and cool to room temperature.

2
%. Precipitate K3°°(N°2)6 by addition of reagent made by saturating 6 ml

of 3 M H023302 with KNOo. Allow about 3 min for complete precipitation Centri-
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" PROCEDURE 13 (Continued)

fugé , dlscard the supernate, wash the precipitate once with 30 ml of H;0, and
discard the washings.

4. Dispolve the KSCO(N°2>6 by the additlon of eeveral m:LlZ.Liliters of conc.
HC1l. Boll off the decomposition prod.ucfs. Add 1 ml of Nl carrier and dilute

to 25 ml.

5. Precipitate Co and Ni hydroxides with 10 M KOH as before'. (Step 1).
Dissolve the hydroxides as 1n Step 2. -

6. Repeat Step 3.

7. Dissolve the K.jcé(noz)s in 4 or 5 ml of conc. BCl, boiling down
almost to dr_w,"'rieas, Aﬂ.d_2 drops of Pd. and 1+ drops of Cu carrilere. Dilute to
.20 ml end make sbout 0.1 M .in HECL. Heat to bolling and pass in 11'28 for 5
minutes.’ Filter onto Fo. Lo mmn-filter paper, catching the filtﬁﬁe in
a 125-ml Erlénmeyer flask and disca.fding ‘the sulfide scavenging precipi‘bgte.

8. Boi_.l out HZS from the filtrate. Add 2 drops P4 and 4 drops of Cu
ca.rriers.a.nd. dflute to 20 ml. Make 0.1 M in HCl, heat to bolling and pass
in B8 for 5 min. Again remove sulfides by filtration (Step _7).'

9. Boil out H,S from filtrate. This will require concentration slmost
4o dryness (Note 2). Dilute to 25 ml and transfer quantitatively bo 40-ml
centrﬂ’u:ge tube. Add ll- drops of Fe .ca.rrier and precipitate Fe(OH); by
addition of conc. NE),0H, adding about .0.5 ml of KHLOH in excess. Centrifuge
and discard Ie(oﬁ.)5 scavenge, retalning the supermate. '

10. Aeldify the superué.te with HCl. Add 3 drops of re. carrier and remove
]'e(OH)B egaln by the addition of cone. RNH)O0H (0.5 ml exceés). Centrifuge and
discard the precipitate. .

11. Repeat Step 10. _

12. Acldify the supernate from 10 wilth cone. HCL, ad.diﬁg 1 ml In excess.
Transfer to 125-ml separatory funnel. Add 15 gm of RHMSC'N and shake untlil all
the so0lld has dlssolved. Extract the Co-SCR 'compl_ex intq 50 ml of amyl alcohol-
. ethyl ether mlxture. Wesh the organic layer ;hwice with 10 ml of REySCK solutiom.

Discard washings. -
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PROCEDURE 13 (Continued)

13. Back-extract the Co into 20 ml of Hp0 to which 4 to 6 ml of conc.

NH),OH has been added. Discard the organilc layer.and traﬁsfer the ﬁqueoua layer -
to a 40-ml centrifuge-tube._

1Lk, Precipitate CoS.from solutlon by passiﬁg in H;S for 1 min. Centri-
fuge and discard the supernate .- _ )

15. Trénsfer the CoS precipitete with 5 to 10 ml of HxO to a.125-ml
Erlenmeyer flask. Add 10 mi of conc. HN05. Boll nearly to dryness (1 to 2 m;).
Add 3 ml of conc. Hesoh and heat to 505 fumes. dool and add 5 to lQ ml of
H,O (slowly). Cool egalu. ﬁeutralize with conc. NH)OH end add 1 ml in excess.
Add 2 gm of (NE) )80}, trensfer to plafing celi and electroplate Co om a
welghed Pt foil. (For a circular féil about 7/8" dlameter begin platiﬁg at 3
or 4 volts an@ 0.10 amp. After the first 1/2 hour increase curreﬁt fo 0.20
amp. Plate for 2-1/2 to 3 houfs.) After plating, wash wlth distilled water
and then with ethanol. Dry et room temperature, welgh, and count. The counting

procedure i1s dependent on the isotope 1ﬁvolve&.

l. The purpose of the Inltlal preclpltation by méans of‘KOH is 10 remove
the Co from the strongly acid solution. For ﬁs complete a precipifation of
K5C0(N02)6.as possible, mineral aclds and oxldlzing agents muet be absent.

2. The H20 is removed by boiling to prevent frecipitatiﬁn of Co as Co8

when the Fe{OH)x scavenging step 1s made.
_ 3
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PROCEDURE 1k

Procedure Used Iu: Radioaciivation analysls

Method: Ion exehangé with cairiers.

Flement Beparated: Co%° (5.27 3)

Type of Material Analyzed: Btalnless steel, 1ts co&rosidn producte, and
other elements, present as ilmpurities in a water-
cooled nuclear reactor.(aos%m

Type of Fuclear Bombardment: Co””(m,y)co60

Procedure By: Bamsahl(goe)

Chemical Yield of Carrier: Quantitative

Degreé of Purification:. Exéellénf

Fquipment Requlired: Neutron sourcé and standard'labofatory egpipmént

Procédure: . . . .

The 1nfoimafion-given by Samaahl(2°6) in the section of his'reporf
entitled "Experimental” is considered to be rather concise and informative
for use as the detailed Procedure for thle radlochemical 5eparation'method..

- It reade as.follows:

Experimental

The experiments were performed with irradiated (Note 1) metallic
chromium, molybdemm and tungsten and salts of the catious, Natl,
Mot2, Fe™?, cot?, N1*2, co™, Zn*2, and S5r*2. Mhe samples vere indivi-
dually brought into solution with hot 1:1 HCL contalning s few drops
of H202 and taken to dryness on e wﬁter'bafh.- Bubseqpently, thelresi_
dueé were dlesolved in water and.diluted to a sultable strength of
gamma activity. Carrlers were adﬂe& in amounte of about 5 mg of
appropriaté cation per 100 ml of solﬁticn. Ko carrilers were.added to
the solﬁtians of tungsten and molybdenum. Then 20.ml portions of a
single gamma émitter solution were addéd to four 1on.exchange
columns consieting of Dowex-2 (200-400 mesh) resin in the cltrate,
chloride and hydroxide forms, snd Dowex-50 (200-40OC mesh) in the
hydrogen form. Each column consisted of 10 ml of water sedimented
resin contained in a 2.5 cm dlameter glass filter crucible (Note 2).
The active solutions were sucked thfough at a rate of about A milli.

liters per minute and the columne washed with two 5-ml portioms of
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PROCEDURE 14 (Continued)

wﬁ.ter and drained by suction. Finally, the c_rucibles_ were placed
ddirectly at a definite geometry on the top of a gamma scintillation
detector sapnd the radicactivity assayed with a..single channel pulse
enalyzer.

The activity of the Dowex-50 resiﬁ w;a.s measured and used as
a staﬁd.a.rd for the estimation of the percent absorption on the other

‘reeine. The eluate was.controlled for possible gamma 'agtivify.

Notes:
1. Irradiated in the SBwedieh R-1 reactor. Bamples of irradlated steel
and D0 were also processed by thls method.

(206)

2. Bamsahl's report should be consulted for a description of the

ion exchange column and other Informetlom.

PROCEDURE 15

Procedure Used In: Redloactivatlon Analysls
Method: BSolvent extraction and precipitatlion -
Flement Beparated: Co®*® (10.5 m) .
Type of Material Analyied: Reactor Stee1(283)
Type of Nuclear Bombardment: 0059(n,7)cb6°m
Procedure_By: Westermark and Finema.n(EB})
Chemicel Yield of Carrier: 60-90% (as a radicactive carrier)
S.epa.ra.tion Time: 30 minutes
Decont':a.mip.ation:.- Good; some interference from ¥n56 (2.6 b)
.Equipmeut Required: Reutron source and standard laboratory equipment
Procedure: ' :

1. _Diesoive the irrediated steel turnings (Notes 1 and 2) im 10-15 ml
of boiling 7 M HC1 and 1 ml of redloactive Co'> carrier solution (Hote 3).
After #the sample haé been put into solutlon, cool the: solution to .room tempera-

ture and transfer i1t to & separatory funnel (Note 4).
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. PROCEDURE 15 (Continued)

2. To the separatory funoel, add 1 ml of cone. HCL and 7.5 ml of ethyl
ether. Sheke the mixture and allow the two phaseﬁ to separate. Dlscard the
organlc phase (Rote 5) and collect'the agqueous phase ;n'auother funriel and
then add anothgf volume of ether and shake the mixture.

3. Allow the phases to_separate and transfer the aqueous phase to a 200 ml
beakef Boll the solution t6 remove any ether contained from the _aqueous solu- .

_tion and then add hot 40 ml of nitrosonaphthol solution (Note 6).

4. Cool the mixture and then filter through a porcelain filter crucible.

Wash the precipitete with water and mount for & measurement on & gamma seintilla-

“tion specfrometer (Note 7).

. 5. Determine the amount of stable cobalt in the test sample by comparing
the smount of cQSQm (10.5 m) radioactivity (Note 7) measured in it wlth that
found in a-cuﬁp;rator, or standard, cobalt sample (Notes 8 and 9). The amount
of 0060 (5.27y) obeerved becomes & measure of the chemical recovery of the

experiment (Notes 3 and 7).

Notes:

1. These irradiations were made 1n the D20 ~ moderated reacfor, RI,
belonging to AB Atomenergl, Sweden. Neutron flux equal to about 6 x lOn'n/cmE/sec.
Limit of measurement about 5ppm of cobalt.

2. Sample welghts of 0.1 -~ 0.2 g were irradleted.
_ 3. Prepared by dissolving 1 g of irradiated cobalt in éonc. HC1 end diluting
to iOO ml with water. Inactive cobalt content equal to 10 mgs per milliliter;
fadioactive 0060 content equal to O.1 microcuries per milliliter. This carrier
solution 1s used to determine the chemical yleld qf the experiment.

k. Use a very small aﬁoﬁnt of water to effect the tramsfer; solution should
be 6-8 M in ECl. .

5. The ether extractlon removes stable and radiocactive iron from the
.soiutipn. _ | .

6. Prepared by diasolving 1 gram of nitroso-naphthol in 40 ml of gl®cial

acetlc acid and diluting to 80 ml with water. The solutlon should be freshly
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PROCEDURE 15 (Continued)

prepared as req_izired.. If the solution 1s cloudy, it should be filtered.
7. In thie inetence, & 2-mm thick Nal crystal and & pulse heié,ht analyzei- '

. wasg used for the radiocactivlity measurement.

8. The standdrd is a filter paper on which about 0.05 ml of a solution

of Co in dilute EZN’O3 (L g Co/liter) hes been evaporated with an infrered lamp.

The test sample and the standard ssmple were irradiated not more than 10 mm
apart in the reactor.

9. The 0.059 Mev gamma photopesk 1s used to messure the Cof%% (10.5 m)
rediocactivity. The 1.17 and 1.33 Mev g'a.mmg. photopeaks are used to measure

the Cof0 (5.27y) redicactivity.

FROCEDURE 16
Procedure Used In: Radloactlvation Analysis
Method: Solvent.extraction and precipltation

Element Separated: CDGOm

(10.5 m)

Type of Material Analyzed: Tiésue end Vitamin Byp aolutions(zal“)
Type of Nuclear Bombardment: Co59(r:1,7)(206(xIL

.Procedure by Kalser and Meinke( 284)

Chemicel Yield of Carrier: 40% (ae a radioactive carrier)
Separation Time: 15 mlnutes

'Decoqtamination: Good

Equipment Required: Neutron source and stardard laboratory equlipment

- Procedure:

A. Irrsdlation of Samples

1. Semples welghing 0.275-0.300 g were allowed to air dry at room
te:_npera.‘tﬁre for 24 hours and then placed in envelopes prepared from %-mil
thick polyethylene film. The en%relopes were closed by heat seallng.

2. The sealed samples were then irradiated in the "rabbit"™ of the

pneumetic tube system of the Ford Ruclear Reactor of the Uunlversity of
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PROCEDURE 16 (Continued)

Michigan (Note 1) along with suitable monitoring foils (Note 2) for a period
of 30 minutes at full reactor power.

B. Radiochemical Separation

1. During the irradiation, a nickel crucible was prepared containing
10 mg of Co*> carrief solution plus a koown amount of c°60 $5.27'y) tracer
(Note 3). Three sodium hydroxide pellets were added to the solution and the
mixture heated to near dryness. _After cooling the solution, 10 grems of Nag0p
were added to the crucible and melted.

2; At the end of the irradiation, the irradiated sﬁmple was transferred
from the polyethylene envelope to the crucible and wﬁs fused in the melt .
mixture for 1 minute (Note 4). After cooling the mixture, (Note 5) the melt
wes diseolved in 50 ml of distilled water (Note 6) and then 15-20 ml of
glacial acetlc acid were added slowly to the solutioﬁ'(Note .

3. Thls mixture at a pH of 5-6 wes trensferred to a 150-ml separatory
funnel contalning 25 ml of 8-hydroxyquinoline solution (3% solution in chloro-
form) and shaken for 1 minute. The layers were allowed to seperate and the
aqueous layer dilscarded.

4. The cobalt was then extracted from the organic layer by adding 10 ml
of 9 M HC1 to the séparatory funnel and shaking for 1 minute,

5. After the_layerb separated, the organlc layer was discerded and cobalt
precipitated from the HC1l solution by the adaition of Nay0,. This precipitate
was collected on a filter chimney (Note 8), wasbhed with weter, and mounted for
measurement on a gamma spectrometer.

C. Radioactivity Measurements

1. The amount of c:>6°ulzl (Note 8) wes determined from the area under the

0.059 Mev photopeak.

2. The amount of CO60

retained (Note 3) on the precipitate was determined
by measuring the 1.17 and 1.33 Mev photopeaks. This measurement wms used to
determine the chemicel yleld of the experiment. _

3. Using the data obtalned from the measurement of the gold folls (Hote 2),

.data for the activation cross section for the reaction 0059(n,7)0060m and the
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PROCEDURE 16 (Continued)

60m 60m

half-1life of Co and the abeolute measurement of the Co radlocactivity,

the amount of stable cobalt wae determined.

1. Thermal neutron flux equal to sbout 102 n/cm?/sec when the resctor
1s operating at full power of 1 megawett. The lower practlical limit of detec«
tion for cobalt for these conditions was 5 x 10-8 gream.

2. Gold folls, weighing between 0.5 and 1.0 mg were wrapped 1n plastic
euvelopes and scotch taped to the inside cap of the "rabbit."” Followlng the
irradlation the folls were dissolved in hlml of aqua regla and diluted to.ld ml
with distilled watgr. An allquot of this solution was placed on & fllter paper
and mounted for measurement of the O.41l Mev gamma ray of Aul98 on the spectro-
meter. Comparison wilth other measurements made with callbrated gold folls
permitte& normalization of ell irrediations to & meutron flux of 1 x 1012.

3. Added to determine chemical yleld of experiment.

4. CAUTION: A cover must be used on the c;ucible since the reactiomn may'
be quite vioient.

5. The outslde of the cruecilble was—cooled by dlpping 1t into a beaker of
cold water. By manlpuleting the crucible during this cooling pfoceas, the melt
wae made to solldify into & thin readily dissolved coating.

6. 50-70 ml of liquid nitrogen were ;dded to cool the solution to room
temperature. :

7. The solution was agaln cooled wlth liquld nitrogen. . ' '

8. 10-15 ml of 0.1 M HCl wae added to prevent foaming.
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PROCEDURE 17
Procedure Used In: Radioactivetion analysis (Note 1)
Method: Precipitation
Element Separated: Cobalt

Type of Material Amalyzed: Biological materialé,(zgo) metale and
: alloys,(60,296) etc.

Type of Nuclear Bombardment: 0059(n,7)Co60 (0060; 5.27 y)
| (297,298)

Procedure by: Leddicotte, G. W. (Reported by Ledﬂicotte
Chemical Yield of Carrier: 60-T0%
Time of Separation:. 3 hours _
.Degree of Purification: Greater than 105 from all other rgdioact#ve_eleﬁents

Equipment Required: Neutron source and standard laboratory equipment

Procedure

4. Irrediation of Sample Material
1. Irradiate known amounts of test (Noté 2) and comparator (Note 3)

I n/sec/cn® for 1 week or longer

sample 1n a neutron flux of et least 5 x'10
(Note 4). Use small quartz tubes, polyethylene bottles, or aluminum foll to

contain the samples during the irradiation.

B. Preparation of Irradiated Semples for Anmlysis

1. The Comparator Sample

" a. After the irradiatiofn, quantitatively transfer the comparator
sample (Note 3) to & 25 ml volumetric flask. Dissolve 1t in 10 ml of lE‘EfHCl
and.dilute to volﬁme with ﬁatér}- Pipét 0:5 ml aliguot of thie solution into a
50 ml glass centrifuge ‘tube. By means of a volumetrle pipet, add to thé same
tube 1 ml of stendard cobalt carrier of known concentration (Note 5). Mix well
aﬁd contlnue wlth Step b im Part 2, below. .

2. The Test Sample . _
a. After the lrradiation, transfér the sample to a 50-ml
centrifuge ﬁube. Pipet 1.0 ml of standardized ccbalt carrier into the
same tube and dissolve the sample in a minimum amount of 12 M HCI. Ad@_lo mg .

each of the following holdback carrlers: Cu, Fe, Ni, Zr, Sr, end Na.
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PROCEDURE 17 (Continued)

b. AdjJust the solution to 1 M HCl and saturate the solution
with HQS. Heat gently to coagulate the_Cugs, centrifuge, and transfer
the supernate to another 50.ml glase centrlfuge tube. 'Discard the pre-~
cipitate. The supernate 1s boiled with 3 ml of 16 M HNOBIand 3 ml of
bromine water to oxldize the Feff to Fe™. Cool the selution and add -

6 M NH,0H until there is no further precipitation of Fe(0H)3- Centrifuge
and transfer the supernete to another 50 ml glass centrifuge tube. Dis-
card the preclpltate. .

c¢. BSaturate the supernate with HoS and precipltate CoSp
and N1S. Heat gently to coagulate the_precipitate and centrifuge. Dis-
card the supernate and waeh the precipitate twice with 10 ml portions ef
hot water. Dilssolve the precipitate in 1 ml of 16 M HNO3 and dilute to
15 ml with H,O0. Boil to remove excess HgS.

' 4. Make tbe solution basic with 1 M KOH to precipitate
Co(OH)e, centrifuge and dlscard the Eupernate. Wash the'precipitate.with
dilute KOH solution (1 part of 1 M KOH to 10 parts water). lDissolVe the
Co(OH)e in 3 ml of 5 N acetlc acld; add Ni holdback carrier and dilute to
10 ml with water. Heat t0 near boiling and add slowly 5'grams of eolid
KNO, until KECO(NOZ)S'HEO beginﬂ to form. 'Digest for 15 minutes in a hot
water bath to complete the precipitation of KBCO(Noz)s .After.precipitation
1s complete, cool and then centrifuge the mixture. Discari the supernﬁtelaﬁd
wash the precipltate several times witﬁ iO ml pbrtions of pitrite wash
(5% KNO, a.cid.ified with acetlc acld). Discard each wash solution.

e. Blurry the precipitate in 10 ml of nitrite wash and -
filter with suction through a tared filter paper (Whatman No. 50) that
18 held iu a Hirsch fugnel. Waah with_5 ml portioﬁs of vater, alcohol
end ether. Dry at 110°C for 5 minutes. Weigh as K Co(NO 26" 1120 and
prepare for measurement (Note 6)

C. Measurement of the Radloactivity of Co60 and Calculation of
Inactive Cobalt Content of the Originel Sample

1. The analyels of Co 1s cumpleted by meesuring the 0060 by

counting on & gamma acintillation spectrometer. Cobalt-60 has a helf-

63



- PROCEDURE 17 (Continued)

life of 5.27 years -and deceys emltting gamme rsdiations of 1.17 and 1.33

Mev. The sum peak of Co6o

is 2.5 Mev and can be used 1f necessary.

2. Following the ra&ioactivity measu:ements; the observed
radloactivity 1s corrected for loss of “"carrier" during the experimeuf
and éample welghts of both the test and comparator sample. A comparison
of these corrected radioactlvitles becomes a measure of the stable cobalt
content of the test sample:.

Per cent of stable cobalt in test semple

Cob0 An-test sample
Cob0 in comparator sample

x 100

NOTES:

1. This.procedure has also been used to prepare radioactive 0058
tracer, produced by the nuclear reaction Ni58(n;p)0058. cod8 decays with -
a half-life of 72 days end emits 0.47 Mev positrous.

2. At least 0.10 gram portion of solld samples should be used.

3. _Use Co-Al alloy (O.i5% cobalt) for cobalt comparator ; ﬁpproxi-
mately 25 mg portioms of the alloy should be uged.

4. The Graphite Reactor was used for this irraedilation. The seusi-

t1vity of the method is such that 5 x 10~C

grams of cobalt can be deter-
mined. The sensitlvity can be ilmproved by use of higher neutron fluxes.

5. As Co(N03)2-6H20, standardized to 10 mgs of cobalt per milliliter
of solutiom. -

6. By comparing the finsl wéight of the K5Co(N02)6-320 precipitate’
obtained here with the theoretical yileld expected for the amount of cobalt
carrier added,.it is possible to determine'the chemlcal yield of the
experiment. The chemical yleld correction is fhen used to determine the

amount of cobalt-60 recovered during the separation process./
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PROCEDURE 18
Procedure Used In: Radiéactivation Analysis
Method: Ton Exchange
. 60 58
Element Separated: Co>~ (5.27 y) and/or Co”° (T2 )
Types of Materlal Analyzed: Metals and alloys(296)

Type of Nuclear Bombardment: 0059(n,7)006°
N158(n,p)0058 (Bee Note 1)

Procedure By: Leddicotte (Reported by Leddicotte(ege)) (See Kraus(195'199))

Chemical Yield Carrier:  60-70% (sometimes used as a carrier-free separation
: method)

Time of Separation: 2 hours

Degree of Purificatlon: > lO5 from all other apeciés_except 0058
Equipment Required: Neutron eource.and sfandard laboratory equipment
Procedure:

A, Irradiation of Sample Materlal

1. Irradiate known amounts of test (Note 2) and comparator (Note 3)
sample 1u & meutron flux of at least 5 x 10-% n/sec/cn® for 1 week or longer
(Note h).. Use small quartz tubes, péiyethylene bottles, or élumiuum.foil to
contain the samplea duiing the irrediationm. . |

B. Preparation of Irradiation Samples for Analysis

1. The Comparator Sample

a. Aftef the irrediation, quantitatively transfer the comparator
sample (ﬁote 3) to & 25 ml volumetric flask. Dilesolve it in 10 ml of lé M
HC1l and dilute to volume with water. Plpet 0.5 ml aliquot of this solution
into a 50 ml glass centrifuge tube. By means of a volumetric pilpet, add to
the same tube 1 ml of standard cobalt carrier of known concentration (Notes 5
and 6). Mix well, then eveporate fo near dryness; add sufficlent acid to méke
the solution 10 M in HCL (Note 7).. Mix well and Eontinue with Step b in
Part 2 below. ) |

“2. The Tesf Sample
a. After the 1rradia£ion, quantitatively transfer the sample to a

50-ml centrifuge tube and by means of a volumetric pipet, pipet 1.0 ml of
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PROCEDURE 18 (Continued)

standardized cobalt carrier (Notés_5 an&-6)_into the seme tube and dlesolve
the sample in & minimum amount of 12 M ECL. Mix well, then evaporate to mear
dryness. Add sufficlent acld to make the solutlon 10 M in BC1 (FWote 7).
b. Transfer the sélution to & anlon exchange resin column (Note 8).
c. Elute the column wlth at least 25 ml of 10 M HC1 (Note 7).
‘Collect the effluent aﬁd discard 1t.
4. Elute -the o (or €o%8) from the column with at least 25 ml of
s M Hél. Collect the effluent iﬁ.d sultable container (Note 9).
. e. ﬁvaporate the cobalt efflueut to a small voluﬁe and mouﬁt for
counting (Note 10).

C. Measurement of the Radiosctivity of Co®° and Caleulation of
Inactive Cobelt Content of the Original Sample

60 by cbﬁnting on

1. The anelysis of Co 1s completed by measuring the Co
a gamma scintillatlion spectrometer. Cobalt-60 hae a halleife of 5.3 years and
decays emitting gémma energieq of l;lT and 1.3% Mev. The sum peak of 0060 1s
2.5 Mev end can be used 1f necessary.

2. Following.the radloactivity measurements, the obaer#ed radioactivity
is corrected for loss of "carrler” durlng the experiment (Note';l) and saméle
welghts of both the teét and comparator.sample. A comparison of thesé corrected
radioactivities becomeé a measure_of the stable cobalt content of tﬁe teat
sample (Note 12).

Per cent of stable cobalt ln teest sample

0660 in test sample

cob0 in comparator s L x 100
ample

Notes:

1. This proéedure has also beéu used to prepare.radioactive'0058.tracer,
produced by the nuclear reactlon N158(n,§)0958. €098 decays with a half-life
of 72 days and emits 0.47 Mev positrons and 0.8l Mev and 1.62 (~ 1%) Mev.gamma
radiations in 1ts decay. The posltron decay is accompanied by annihiiation
gamma radietions of 0.51 Mev. Thia procedure has also beeﬁ used to determine
wrace nickel in sample materials. In that work, the obsérﬁed 0058 radioactivity

ie a measure of the steble nickel content of the eample.
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PROCEDURE 18 (Continued)

2. At least 0.10 gram portlon of solid samplés should be used.

3. Use ~ 25 gms of Co-Al alloy (0.15- cobalt) for cobalt comparator for
.determination of stable cobalt.

4. The grgphite reactor was used for this Irrediation. The sensitivity
of the method is such that 5 x 108 grams of cobalt can be determined. The
seusitivity cen be improved by use of higher ﬁeutrﬁn fluxes . |

5. As Co(RO;),-6H 0, stendardized to 10 mgs of cobalt per milliliter of

3)a
solution.

6. If this procedure ie used inla carfier-free separation, omlt the
addition of cobalt carriler.

T. 12 E_HCl can aleo be used here.

8. 'Dowex-l,-lO% crosslinkage, 50-100 mesh, resin packed in_a Pyrex glasgse
column; 0.5" in dlameter x 12" long. Column conditioned with 10 ¥ or 12 M HC1.

9. Further elution of the column with a volume 0.5 M HC1 will remove Fe59
radloactivity, 1f present. ' .

10. Quautitative recovery of cobalt carrler assumed here. If deslired,
solution may be processed in the mamner described in Steps b through e of
Section B-2 of Procedure 17 of this Monograph . .

11l.- Not requlred if cobalt carrler 1s not used.

12. Does not apply 1if C06o or 0058 is being prepered.

PROCEDURE 19
Procedure Used In: Radlodctlvation Analysla .
Method: Precipltation
Element Separated: cob0 (5.27 v)
Tyﬁe of Materiael Analyzed: Sodlum potassium alloys(299)
Type of Nuclear Bombardment: 6059(n,7)Q060
Procedure by Smales, A. A.(299)
Chemical Yield; Quantitatlive

Separation Time: 'Beveral hours
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PROCEDURE 19 (Continued)

Decontamination: . Complete from other radlcactive specles
Equipment Required: Neutron Source and Standard Laboratory Equipment
Procedure:

1. Dissolve irradiated alloy iu methyl alcohol (Note 1) and then
acidlfy the solutlon with hydrochloric acid.

2. To the solﬁtion, add 20 mgs of cobalt carfier and 5 mgs of Fe+3.
Boil. the solution gently on B hofplate for ten minutes.

%. After cooling, dilute the solution to.250 ml with water; then add
a slight excess of a suspension of zlnc oxlde In water. Digest for ten

) minufes; filter through a 15-cm Whatman No. 541 fllter paper. Discard the
precipltate.

4. Boll the filtrate and add dropwise 7.5 ml of a solutlon contalning
1 agn of-a-nitroso:a-naphthol in 15 ml of glacisl acetic acld. Boil for two
minutes;.filter through an ll-cm Whatman Ng. 31 filter paper. Discard the
filtrate. Wash the precipltate thoroughly with hot water; dry and ignite
the filter pape¥ and contents in =& silica.cfucible; at 800°%C.

5. After.cooling, dieeolve the lgnited residue in 5 ml of hydrochloric
acid (specific gravity 1.18), by warming gently on a hot-plate. Transfer
the solutlion to & 50 ml centrifuge tube, add 1 ml of a solution containing
1 mg of ferrilc ifon-and a slight exceess of ammonium.hydroxiﬂé (ﬂpecifié
gravity 0.88)." Boll gently; filter through a 9-cm Whatman FNo. 40 filter
paper Into a 150 ml beaker. Wash the preciplitste with 5 ml of heot water:
Discard the precipltate.

6. To the filtrate, add KOH solution (4 grams KOH fn 10 ml EEO) and
boll gently untll all the smmonia is driven off. Transfer the golution
and precipitate to a centrifuge tube with water. Centrifuge and decant the
washings.

T. Dissolve the precipitete im 5 ml of 3 M hydrochloric acld (Note 2).
Then add 5 ml of glacial ascetic acld and dilute te 25 ml with weter. Pre-
cipitate KBCO(NOE)G oy adding solld KNO5 until precipitation is caqplete.

Digest for five minutes; then centrifuge; discard the supermatant liquid.
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PROCEDURE 19 (Continued)

Wash the precipitate with water and ethyl alcéhol, ceutrifuging after each
wash. Dilseard the washes.

8. Transfer the precipitate to a tared counting tray and evaporate to
dryness under an infre-red lamp. Weigh the semple as potagsium cobaltinitrite
and determine the chemical yield.

9. Count the sample and standard under a normal end-window Gelger-Mueller
counter. Correct for self-afsorption, background, and chemlcal yield.

10. Check the radlochemical purlty by ebsorption measurement.

Notes:
1. Irradiated meterisl diseolution was made in a dry box under a nitrogen
atmosphere.

2. FHeat mixture gently until a solution is obtained.

PROCEDURE 20

Procedure Used In: Radiosctivetion Analysis
Method: Precilpitation
Element Separated: Co60 (5.27 y) : °
Type of Material Analyzed: Nickel cathodes(Boz)
Type of Nuclear Bombardment: 0059(n,7)0060
Procedure By: Deblesse, et a1(303)
Chemical Yield of Carrler: Not Indlicated
Separation Time: Not indicated
Decontamination: Excellent
Equipment Required: Neutron source and standard laboratory equipment
frocedure:

1. PFollowlng an irradlation in the Chatillion reaqtof for 180 hours,
the saﬁples.were dlssolved in hydrochloric acid and ilnactive cobalt and the
o0 precipitated with a-nltroso P-naphthol.

2. The preciplitate waes collected and washed and the 0.308 Mev beta
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PROCEDURE 20 (Continued)

60

" radiations from CoPC measured by means of a Gelger-Mueller counter. -

Cobalt concentratione of the order of 0.28% cobalt in the nickel cethodes

were determlned by this analysie method.

PROCEDURE 21

Procedure Used In:.'Radioactivation;Analysia

Method: Precipitation (chlefly)

Flement Separated: cof0 (5.27 ¥) _

Type of Materisl Analyzed: Sodium metal(jou)

Type of Nuclear Bombardment: 0059(n,7)0060

Procedure By: Grand, et al(}Oh) using radlochemical separation proéedures
reported by Meinke(288) and Kleinberg(289). (Bee Procedures
3-11 and 13) : : :

Chéﬁical Yleld of Carrier: As indicated in adapted procedures(288'289)

Separation Time: Several hours

Decontamination: Excellent from Na2 {15 n), Moo (300 4), Ta;BQ'(IIEfd), and
' crol (27 4)

Equipmeﬁt Required:'-Neutfon source and standard laborator& equiément
Proce&ure: . | ' _
1. BSamples and cobalt monitors irradiéted in Materlals Testing Reactor._.
2. The radiochemical procedﬁré lanvolved complete solution of thé aamble,
addition of inactive carrlers and treatment with Hf—HNOB—stdu mixturé and
3202. Following thig treatment, grose separations of the elements vere made

by adaptations of procedures reported by Meinke(ael) (282).

and XKlelnoberg
3. A known welght (about 50 mg) of the separated materiel was mounted
in a reproducible.ﬁanngr on a plastlic holder tsing e trace of collodion 28 e

binder. The samples were counted on standard P-counting equipment.

4. Limits of measurement for this analysis: 0.002 ppm.
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PROCEDURE 22
Procedure Used In: Radloactivatlon analysis
Method: Ton exchange
Element Separated: 0060 (527 v)
Type of Materisl Anmlyzed: 18/8 stes1(3%5)
Type of Nuclear Bombardment: 0059(n,7)0060
Procedure By: Monnier, et a1(305) (Note 1)
Chemicel Yield of Carrier: Carrier-ffee
Degree of Purlficatlion: Excellent from stable chromium, manganese, nickel;
- gilicon, carbon, molybdenum, and iron. Only radio-
active contaminant obtained in seperation was
€058 (72 d4) produced by the remction Ni58(n,p)Co58.
Interference eaplly resolved by gamma spectrometry.
Equipment Required: Neutron source and standard laboratory'eéuipment

Procedure:

A. TIrradlation of Samplés

1. irradiaté.test Bamples (Note 2) in a neﬁtroﬁ aéurce for a predetermined
time (Note 3). ' '
2, Affer the irradilation, dissolve the sample Iin 15 ml of HCl and dilute.
with water to & 100-ml volume to obtain & 9 M HC1 solution.
3. Teke a 1 ml aliquot of thils soiutioﬁ and mix witﬁ loml of 9 M HCL.
Transfer this solution to an lon exchange resin column (Nofe h)."
4. Elute the column with a 11-ml volume of 9 M HCl (Note 5).
5. Continue the elutlon wlth an additional 20-ml of the 9 M HCl solution
(Rote .5). '
6. Change the molarity of the elutlng reagent to 4 M ECL and continue
elution until 32-ml of the L M HC1 has péssed through the cglumn (Note 5).

T. Change the molarity of the elutlng reageut to 0.5 M HC1 ;nd coutinue
elution until a 10-ml volume has passed through the column.

8. Eveporate this solution to drynéss in the presénce éf 1 ml of 5%
NaCl solution. Then measure 1ts radloactivity. .

9. Measure the cof0 (and 0058) gamms radioactivity by means of & 5 cm x
5 cm NaTl cryatél and & pulse heigh£ analyzer. .

10. Obtaln the 0060 disintegration rate in the test sample;by comparing

the gamma radiatlons et 1.17 and 1.33 Mev with those observed in a calibrated
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PROCEDURE 22 (Continued)

cob0 standard (Note 6) measured'qnder the same counting conditions.
11. Calculate_the amount of stable cobalt In the test sample by the

absolute method of celculatlons (Note 7).

1. See Leddicotte(298) for additiomnal Information on separation of 0060
(and 0958) by an ion exéhange technique.

‘2. At least 0.L40 gfam of 18/8 steel was irrediated.

3. The plle at the Universlty of Geneve (Switzerland) was used for these
irradiations. Length.of irrgdiﬁtiou about 45 days.

4. B8% cross-linked Dowex-l lon exchange resin was used. Dimensioﬁs of
column: 12 cm high x 6 cm in diemeter. Column wes conditioned with 9 M ECL.

5. Thies volume was collected in e sultable container and 1ts radioactivity
measured on a y-spectrometer. BShowed presence of radloactlve contaminants from
actlivation of Cr, Fe, etc. |

6. In thie instance, a 0060 solution obtained from the Isotope Divisiom,
Atomic Energy Research Eetablishment (AERE), Harwell, England.

T. Ino this method, the foliowing equation was used:

AM
1 (6.02 x 10%3)(£)(Tac)(0)(8)(D)

W =

where
W =.weight of element, gram
A = 0060 radioactivity, dlsintegratione per second
M = atomic weight of stable cobalt
f = the meutron flux, neutrons/em?/sec _
U, = the activation cross-sectlon of the reaction, co?9(n,y)ceb0,

barne or 10-2% cm?@ per target atom

2] = abundance of Co’?

8 = a factor for the production of cob0 during the irradlatlon time, t.
Usually exgressed as the relatlouship, l-e~ At, vhere A = 0.693/half-
life of Co®0. . '

1
D = a factor for the decey of 0060 equal to e~ At ; tl = length of
time from geactor discharge to counting time and A = 0.693/half-
life of Co®0,

72



PROCEDURE 23
Procedure Used In: Radloactivatlon analysis
Method: Precipitatibn
Element Separsted: Co© (5.27 y)
Type of Material Amalyzed: Iron meteorites(306)
Type of Nuclear Bombardment: Cojg(n,7)0060

Procedure By: Goldberg, et al,(BOG) adapted from a procedure by Young

and Hall
dhemical Yield of Carrier: Quantitative
Degree of Purification: Excellent
Equipment Required: Neutron source and standard laboratory equlpment
Procedure:
1. Place the samples in a sultable container for irradiatiom (Note 1).
2. After the 1r¥adi§tion! dissolve approximately 0.3 g of the meteorite
in a minimum amount of aqua regla.
3, Add 10ml 6 ! HC1, theﬁ dilute volume three-fold.
L. Heat and pass in H2S until precipitation is complete.
5. Fillter and wash precipitate with Ho8 wash solution. Dilscard pre-
cipitate (Note 2).
6. Boil the solution to éliminate HS.
7. Add sodium phosphete reagent to the solution (Note 3).
8.. Add conc. NH,OH to solﬁtion until & pE of 5.5 is reached (Rote L).
9. Add glaclal acetic acid until a pH of 3.5 1s reached (Note 5).
10. Readjust pH to 3.5 with coucentrated ammonlum hydroxide.
11. Bring solution to boll, allow to'settle, then, f1lter through a
fritted Buchner.
12. Wash with acetle meid wash solutlon at least five times (Note 6).
13. Make filtrate acidic with HC1 (Note 7).
14. Add freshly prepared q-nitroso-p-naphthol reagent (Note 8).
15. Digest at low heat, cool, end filter.
16. Wash precipltate several times with hot 5% ECl, theu several times
with hot water.
17. Dry the precipitate iln platinum crucible and lgnlte in muffle oven
at 800°% (Note 9).
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PROCEDURE 23 (Continued)

18. Dissolve the residue in 1:1 stoh and transfer to a weighed pqréelain
crucible. | .

19. Evaporaete carefully, then ignite at'550°C 1n & muffle oven.

20. Cool and welgh resldue ae cobalt sulfate.

2].. Mount for counting on sultable radlation counter (Note 10).

1. Authors do not indicaté slze of sample irradieted, place of.irradiatiou,
end length of irradiation. .
2. Acld-sulfide insoluble salts removedlin this step.
3. Reagent: 34.05 g of. tri-sodium phosphate heptahydrate In one liter
of wvater. 10 ml of reagent pfecipitates 0.05 g of-iron. The solution is
usually cream-colored after addltion of the reagent, although 1t may be & clear
yellow solution 1f the scld concentration 1s high. . .
4. Solution will be blue—grey;
5. B8olution will be grey-white.
6. Reagent: 25 ml conc. acetic acld iu 1000 ml of water.
7. 3mlof 6 M HC1 for every 100 ml of solution.
8. Reagent: 10 gram of g-nltroso-p-naphthol (Eéstmgn Kodak) in
100 ml of 1:1 ecetic acid. Appquimafely,0.5 g of g-nltroso-B-naphthol
are required for every 0.01 g of cobalt.’ The.cobalt preclipitate 1s brick-
red. If copper 1is present, the precipitate .ls brown.
9. The 1gnition should not take place at & temperature greatér than
-900°%C or less then 750°C.
10. Ko specific informetion given on radloactivity measurement-method'
or method of reeélving.datg. Concentrations of cobalt as small as 0.53%

were determined by thls method.
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| PROCEDURE 2%
Procedure Used In: Radiocactivatlon Analysis
Method: Preciplitation
Element Separated: 0060 (5.27 ¥)

Type of Material Analyzed: Meteoritea,(307’5°8) rocks and minérals,(BOT’Bog’Blo)
' ' marine sediments(307’3;l) :

Type of Nuclear Bombardment: 0059(n,7)0060 .

Procedﬁre By: Smalés, et 31(307)

Chemical Yleld of Carrler: Quantitative

Time of Separamtlon: Beveral houre

Degrée of Purification: Excellent

Equipment Required: Neutron source and standard laboratory.equipment

Procedure:

A. Irradiation of Sample Materials
1. Irrediste known weights of test (Fote 1) and stendard (Note 2) samples

in & neutron flux (Note 3) for at least one (1) week.

B. Radlochemical qu@ration.

1.. After Irredlationm, tranéfer the samples to 1564nl beakers and add
etandardized nickel, .copper, and cobalt cafriers (Note 4) and 5 ml of HC1l
(sp. ger. i.;a). Heat gertly on & hot plate until the solids have dissolved
(Note 5). ' ' | ;

2. Alléw the solution to cool and then dilute 1t to 80 ml with water; add
100 mg of Fe+3, aB ferric ammonium eulphéte aolufion, lO'ml of a 10 perceﬁt solu-
tion of sodium mitrete, 5 ml of 4O percent w/v solution ﬁf amonium citréte and
ammonium hydroxide in slight excess.. Precipitate the nickel by &adding slawly
10 ml of a 1 percent w/v solution of dimethylglyoiime 1n methaﬁol, and collect
the precilpltate on a Whatman No. 541 filter-paper (Note.6).‘

3. To the filtrate add dilute nitric acid until the solution is just
acid,'and then heat t§ 80° C and add 10 ml of.a freshly prepared 1% solution
of thionalde in methanol. Place the beaker 6n a hot-plate, atirriﬁg until
coagulation of the precipitate is complete, and then collect it on a Whatman

Ko. 54l filter-paper (Note 7).
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PROCEDURE 24 l(Continued.)

4. To the filtrate from the coppef thionalde precipitation add 20 ml
of HNOx (ep. gr. 1.42) and evaporate to dryness. Then add 10 ml of HaSO)

(ep. gr. 1.84) and evaporate to fumes of sulphuric acid. Add edditional
quentitiee of HNO3 and treat stroungly to destroy completely ali of the

orgaunic metter. After cooling £he solution, dilute 1t to 250 ml wlth water,
add a suspension of zime ox;de in watef untll precipitation occurs and then

a slight excess, and set aslde for 10 minutes before eo;lecting the preclpltate
on & 15-cm Whatman No. 541 filter-éaper. Discard the precipltate.

5. Heat the filltrate, and add dropwlse 5 ml of a 10 percent solution of
l-nitroso-2-naphthol in glaclal acetic acid, and boll r&f 2 mieutes. Collect
the precipitate on an ll-cm Whetman No. 31 fllter-~paper, and wash 1t -thoroughly
with hot water. Discard the filtrate. '

6. Transfer the precipiiéte t0 a sllica crucible. Ignite the crueible
and 1its contenfs in e muffle furnace at 800° C. - Cool and then dissolve the
oxide residue in 5 ml of ECL (sp. gr. 1.18), verming 1f necessery. Make &
"scavenging” precipltation by adding a few milligrems of ferrle irom, precipiﬁa—
ting 1t with emmonium hydroxide. Collect the precipitate onm & Whatman No. Sil
fillter-paper. Discard the.precipitate. . '

T. To-the_filtrate add 10 ml of a 40% w/v solutlén of KOH and carefully
boll the_solution untll ell the ammonia 1s expelled. Ceutrifuge the mixture;

discard the supernatant liquid.

8. Dissolve the precipitate in 5 ml of 3 M HC1 solution, transfer it
to a 150-ml beaker, and add 15 ml of water, 5 ml of glaclal acetic acid,
end 5 ml of 60% w/v aolutien of potasslum nltrite. Digest the solution
for 5 minutee, then centrifuge. Dlscard the supernatant liquid..

9. Wash the precipitate with water amd ethgqol. Theu,_by slurrying
1% with & smell amount of ethanol, transfer 1t to ; welghed aluminum-countiug
tray. Dry the tray end ite contents under an infra-red lamp. Determine the

chemical yleld by welghing as potaselum cobaltinlitrite.
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PROCEDURE 24 (Continued)

C. 0060 Radloactivity Measurement and Determination
of Stable Cobalt

1. Count all samples and stgudards on sultable radiometric equipment,
make any corrections Decessary for backgrowumd, gelf-absorption, and-chemical
Yleld. Celculate the stable cobalt content of the teet samplee by comparing
the cof0 radioactivity found in both the test and standard.éamples (Note 8).

2. Check the radiochemicql purity of the samples elther by decay, by

beta-absorption curves, or by gama-ray spectrometry.

Notes:

1. BSamples of varled welghts were sealed 1n short lengthe of polyeth&lene
tubing. ' '

2. Portione of a mild eteel sample containing 0.016 percent cobalt were
used as standard‘samples. These were also sealed in short lengths of poly-
ethylene tubing. A:ter the irrgdiation, dlssolve the standerds 1n HCl—HNOB.
To the Bolution.add 10.0 mg of cobalt in solutlon and treat as for the teet
samples . .

3. The "self-serve” and thermal column positions of the Harwell Pile
were used for these lrradiationma. .

4. Carriers used contained 10.0 mg of nickel in the form of nickel.
nitrate solution, 20.0 mg of copper as.copper su;phate solutlion end 10.0
mg of cobalt as cobalt nitrate solution.

5. This treetment 1s adequate for the dlssolution of the marine sedi-
ments. Meteorite And rock samples were dissolved In the followlng manner:
"To these samples add 5 ml of HNOz (sp. gr. 1.42) and 10 ml of HC10y (ep. gr.
1.70) and evaporate to fumes of perchloriec escid. Allow to cool, and then
add 5 ml more of the HN05 and 10-20 drope of ho% w/w hydrofluric acid.
Evaporate to fumes of perchloric acld; cool, and then add 5 ml of squa regla

and agaln evaporete yo fumes of perchloric acld. If necessary, repeat this

77



"PROCEDURE 24 {Continued)

treetment should any insoluble residue remain et this stage. Then, proéeed_
with Step 2 of PAirt B of the Procedure.” ' _
.6. This preéipitate may.be pracessed for nickel (See Sma.l'eé, e'l'; al(m)).
7. Thie precipitate. may be processed for copper :(Bee Smales, et a.'l(BOT)_).

8

8. At leasf 10™" gram of cobelt can be determ_i.ned..by this method.
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